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1 Abstract
Introduction Although benign in origin, BPV has a profound impact on the quality of
life of patients. As the name implies, it presents most commonly with positional vertigo
and less commonly with postural imbalance, gait instability and motion sensitivity. We
aimed to describe the spatiotemporal characteristics of common BPV and its variants.
Methods The patients were recruited from a clinic dedicated to test and treat BPV. All
patients were tested on the Epley Omniax R  Rotator, a positioning device which allows
alignment of the patient in the plane of any given canal and simultaneously display and
records video oculography. Video data was extracted and analysed o✏ine.
Results Of 616 Patients diagnosed with BPV, 415 had unilateral posterior canalolithi-
asis while 85 had bilateral posterior canal involvement and 32 patients had more than
2 canals a↵ected. Forty nine patients had horizontal canal BPV (39 canalolithiasis,
10 cupulolithiasis). In 8 patients anterior canal BPV was found. Four hundred and ten
patients were female and 205 were male, the majority (72.5%) were in the 7th-9th decade.
We describe the spatiotemporal characteristics of 247 patients with posterior canal
BPV. In 64.5% the nystagmus onset was less than 0.5 sec and lasted for 13.4 sec (me-
dian). The median peak SPV was 30 /sec. Forty nine patients had horizontal BPV.
Thirty nine had canalolithiasis, with the a↵ected ear down, nystagmus onset was mostly
instantaneous. Nystagmus lasted for 24.5 sec (median) and peaked at 56.5 /sec(median).
With the una↵ected ear down, the nystagmus duration was similar (median = 25 sec),
1
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the median peak SPV was 16.6 /sec. In ten patients with horizontal cupulolithiasis,
on the a↵ected side the onset was instantaneous (<0.5 sec). Nystagmus peak SPV was
25.6 /sec(median). On the una↵ected side the nystagmus onset was observed within 5
sec, the median peak SPV was 25.6 /sec. In 4 patients with anterior canal BPV the
average onset latency for nystagmus was 0.77 sec and the duration was 27.8 sec. The
average peak SPV was 11.6 /sec.
We compared the slow phase velocity profiles of horizontal canalithiasis, cupulolithiasis
and vestibular migraine presenting with horizontal positional nystagmus. At 40 sec from
nystagmus onset, the average SPV in canalithiasis patients had dramatically declined to
1.8% of the peak. For cupulolithiasis, had decayed to only 81% (una↵ected ear down)
and 65% (a↵ected ear down) of the peak. Subjects with VM (n = 13) had persistent
geotropic or apogeotropic horizontal nystagmus. On average, at 40 sec from nystagmus
onset, the SPV was 61% of the peak.
Conclusion This is the first large-scale study that describes the spatiotemporal char-
acteristics of BPV. Canalolithiasis arising from all 3 canals uniformly demonstrated
a crescendo decrescendo SPV profile. Symptomatic horizontal positional nystagmus
recorded in canalolithiasis could be separated from horizontal positional nystagmus
recorded in vestibular migraine. Although not currently in routine use, slow phase
velocity profiles could have future applications in the separation of positional nystagmus
caused by canalithiasis from atypical positional nystagmus of diverse origins.
2
2 Introduction
“When I get out of bed in the morning, the whole room is spinning”; “Tying up my
shoe laces sets the dizziness o↵” or “I was reaching up to the top shelf and that’s when
it started spinning” are a few examples of patient’s descriptions of benign positional
vertigo (BPV). Benign positional vertigo is the most common type of episodic vertigo
encountered in outpatient facilities. Although treatable and benign, it is under-diagnosed
and has a major impact on the quality of life, postural stability and falls risk of a large
subset of dizzy patients. BPV is one disorder that can be diagnosed and treated by
diverse healthcare professionals and even patients themselves. The unique canal plane
positional nystagmus is easily identifiable and treatable by most medical practitioners.
However, BPV has become a popular diagnosis among front-line practitioners. Not
surprisingly any vestibular disorder that is accompanied by positional nystagmus has
a tendency to be labelled as BPV and treated with repeated repositioning manoeuvres
despite a failure to respond. There is a need to identify the nystagmus characteristics of
typical BPV and also evaluate how often these characteristics are clearly present.
A clinic dedicated to the diagnosis and management of “di cult-to-treat” BPV o↵ered
us the opportunity to record the spatiotemporal characteristics of benign positional
nystagmus of diverse origins. Although the focus of this clinic was treatment using a
mechanical rotator, it enabled us to study the properties of BPV in a large number
of subjects. We found posterior, horizontal and anterior canalolithiasis to have near
identical slow phase velocity profiles that were distinctly di↵erent from those observed
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in cupulolithiasis and vestibular migraine. Although it is not necessary to have video
oculography facilities to diagnose and treat BPV, the profiles recorded in this thesis are
likely to promote easier recognition of BPV and promote awareness of its mimics.
“Open Your Eyes” is the most widely used phrase in our BPV clinic. The observations
based upon video oculography have opened own eyes to the utility of nystagmus velocity
profiles as a means of correctly identifying BPV.
4
3 Anatomy and Physiology
The vestibular system is the oldest sensory system and has been in existence in some
form for 600 million years [1]. Initially a simple fluid filled cavity called the statocyst,
with a single heavy “rock” or statolith, it has since evolved in function and morphology
into a delicately formed and complex end-organ system with central and peripheral
connections. The vestibular end organs are safely locked within the rigid shell of temporal
bone [2] (see Figure 3.1).
Figure 3.1: The ear consists of 3 parts: the outer ear with the pinna and the ear canal, the middle
ear with the ear drum and the auditory ossicles and the inner ear with the cochlea and the vestibular
organs[3].
Primary a↵erents from these end organs unite to form two divisions of the vestibular
nerve. The cell bodies of the primary vestibular a↵erents lie in Scarpa’s ganglion. Their
central processes end in the vestibular nuclear complex, which lies within the brainstem,
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at the level of the pons and upper medulla. These structures, their pathways to the
extraocular, neck, trunk and limb muscles, and their communications with the vestibulo-
cerebellum and with the vestibular cortex collectively form the vestibular system. The
chief tasks of the vestibular system include supporting movement by producing awareness
of head position in space, stabilization of the visible world upon the retina and facilitation
standing, walking and running balance by means of reciprocal connections with the
extensor and flexor muscles of the neck, trunk and limbs [4]. There are many contributors
to human balance function, including vision, proprioception, vestibular sensation and
even hearing [5, 6].
Within the rigid casing of the bony labyrinth lies the membranous labyrinth. The
membranous labyrinth floats in a thin layer of perilymph, which communicates with the
subarachnoid space via the endolymphatic duct. The membranous labyrinth contains
Figure 3.2: The 8th cranial (vestibulo-cochlea) nerve has 2 divisions: the vestibular and the cochlear.
The vestibular part of the nerve transmits information from the semicircular canals and the otolith
organs to the central nervous system. The auditory portion of the nerve sends impulses from the
cochlea to the auditory centres in the brain [7].
endolymph, which is produced and balanced by the dark cells in the vestibular part of the
labyrinth [8, 9] (Figure 3.2). The membranous labyrinth is made up of three broad groups
of end organs: the semicircular canals, the vestibule and the cochlea. The semicircular
canals and vestibule form the balance organs. Within the vestibule lie the two otolith
organs: the saccule and utricle. These two otolith organs sense linear acceleration and
6
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head tilt whereas the semicircular canals detect angular acceleration. Common to all
vestibular organs are the vestibular hair-cells; these are mechanoreceptors which sense
head acceleration and transform this into a biological signal which is transmitted in the
form of electrical impulses along the vestibular nerve and vestibular nucleus to finally
reach the brain, providing awareness of head position in space.
3.1 The Vestibular End Organs
3.1.1 Semicircular Canals
The human balance organs have 3 semicircular canals on each side: anterior, posterior
and horizontal. The semicircular canals are oriented orthogonal to each other, however
the orientation can vary slightly in healthy subjects [10, 11]. The anterior and posterior
canals of opposite ears lie along the same plane and constitute reciprocal pairs. The
hair cells in the semicircular canals are embedded in the cupula, which is a gelatinous
mass, that is attached to the ampulla. Overlying each hair cell are many stereocilia
and a single kinocilium. The cupula extends through the diameter of the semicircular
canal and seals the canal lumen [12, 13]. When the head moves along the plane of a
semicircular canal pair, the endolymph moves in the opposite direction, carrying the
cupula with it. As the cupula deflects, receptor potentials of the hair cells within the
cupula decrease and increase synchronously. Movement of the stereocilia towards the
kinocilium depolarizes the hair cell membrane resulting in an increase in the firing rate
of primary vestibular a↵erents. The converse happens when stereocilia move away from
the kinocilium. In the horizontal canals, hair cells are arranged such that the kinocilia
are closer to the short arm or utricular side of the canal. Therefore deflection of the
cupula towards the ampulla (ampullopetal movement) by rotating the head ipsilaterally
in the yaw plane causes stereocilia to bend in the direction of the kinocilium resulting
in an increase in discharge rate of primary a↵erents or excitation. For the contralateral
7
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horizontal canal, the same head movement will produce ampullofugal cupula movement
and inhibition (i.e. deflection of the cupula away from the ampulla). In the vertical
canals, the hair cells are arranged with the kinocilia farthest from the utricular side of
the canal, and therefore deflection of the cupula away from the ampulla (ampullofugal
movement) is the most sensitive polarization direction [4]. The anterior and posterior
canals of opposite sides, which lie along the same planes, make up a complementary pair.
Thus rotating the head 45 degrees to one side brings the ipsilateral posterior canal and
contralateral anterior canal into the sagittal plane. Arching the rotated head backwards
in the sagittal plane (during a Dix-Hallpike test) will excite the ipsilateral posterior
canal a↵erents and inhibit contralateral anterior canal. The density of the cupula is
identical to its surrounding fluid; it therefore does not exert a resting force on the hair
cells. Neither does it sense gravity. Movement of the endolymph within the canal, with
displacement relative to the wall and eventual cupula displacement, is the only method
of activating the underlying hair cells.
3.1.2 Otolith Organs
Figure 3.3: The otoliths are gravity sensors, the cilia of the hair cells are embedded in a gelantinous
matrix. The otolitic membrane covers the gelantinous mass and the otoliths are located on top of
the membrane. Due to trauma, illness or unknown causes these otoconia can become dislodged into
the semicircular canals [14].
Each membranous labyrinth contains 2 otolith organs: the saccule and utricle. The
utricle is oriented in the horizontal plane with the anterior end pointing upwards by a
8
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20 - 30 degree angle. The saccule is located perpendicular to the utricle on the medial
wall of the vestibule. The stereocilia of the saccular and utricular hair cells reach into
a jellylike, plastic and flexible mass: the otolith membrane. Relatively heavy calcium
carbonate crystals (otoconia) are located on top of this flexible mass, attached with fine
collagen fibres (Figure 3.3).
Figure 3.4: Hair cell polarization in the vestibule [4].
The polarization direction of the hair cells in the utricle is towards the striola, an
imaginary line in the middle of its surface. In contrast, for the saccule, the polarization
of the hair cells is directed away from the striola. During linear acceleration the otoconia
membrane will bend backwards and due to its resilience the membrane will return to
the original position when a constant velocity is reached. During linear deceleration the
membrane will bend forwards. Tilting the head will produce movement of the otoconia
in the same way, making it impossible to distinguish between tilt and acceleration or
deceleration (see Figure 3.4) [15, 16].
3.2 Central Vestibular Pathways
3.2.1 The Vestibular Nuclear Complex
The vestibular nucleus complex consists of four major nuclei and a few minor nuclei.
The major vestibular nuclei are the superior, lateral, medial and descending vestibular
nuclei [10, 4].
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The superior nucleus is located in the rostral bulk of the fourth ventricle. It is sur-
rounded by the brachium conjuctivum superiorly, the fourth ventricle to the medial
side and the restiform body on the lateral side. On the ventral side there are vari-
ous nerve structures crossing to the brainstem. The a↵erent nerve fibres derive solely
from the semicircular canals, whereas the output from the superior nucleus projects to
vestibulo-ocular, vestibulocerebellar and commissural pathways. [10, 4]. The lateral nu-
cleus (Deiters nucleus) is located at the tail end of the superior vestibular nucleus. The
ventral part of the lateral vestibular nucleus draws information from the labyrinth, in
particular from the utricular macula. The dorsal part of the nucleus gains its input from
the cerebellar cortex, from the hemisphere, flocculus and paraflocculus. The primary
e↵erent neurons build the lateral vestibulospinal tract [10, 4].
The body of the medial vestibular nucleus (MVN) stretches from the tail end of the
Superior VN
Lateral VN
M
ed
ia
lV
N
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Figure 3.5: Peripheral nerve endings at the vestibular nucleus complex [4]
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lateral vestibular nucleus where it borders the facial nerve nucleus. First order neurons
serve as a↵erents of the semicircular canals, the utricles and, to some extend, from the
saccule. These serve as part of the vestibulo-ocular pathway and project contralaterally.
Their downward projection along the medial longitudinal fasciculus builds the medial
vestibulospinal tract.
The descending vestibular nucleus pairs with the medial nucleus. The main e↵erents
from the descending vestibular nucleus are in the downward direction of the medial
vestibulospinal tracts [10, 4].
3.2.2 Vestibulospinal Pathways
There are four components, which are considered vestibulo-spinal pathways: the lateral,
medial and caudal vestibulospinal tracts, as well as the vestibuloreticulospinal tract [10,
17].
The lateral vestibulospinal tract (LVST) arises from the large and small neurons in the
lateral vestibulospinal nucleus, also known as Deiters nucleus. Axons which are located
ventrorostrally in the nucleus are short and finish at the cervical cord. Long axons are
based in the dorsocaudal part of the nucleus and cease in the lumbar part of the spinal
cord [10, 17].
The medial vestibulospinal tract (MVST) descends bilaterally along the medial lon-
gitudinal fasciculus. Its lowermost a↵erents end in the thoracic segments of the spinal
cord [10, 17].
The caudal vestibulospinal tract arises from the tail ends of the medial and descending
vestibular nuclei and projects down to the lumbar spinal cord [10, 17].
3.2.3 Vestibulo-Thalamo-Cortical Connections
Information about spatial orientation is transmitted from the vestibular endorgans to
the ocular motor nuclei and the supra-nuclear coordination centres (eye and head inte-
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gration). From these centres information is transmitted to several areas of the vestibular
cortex. The neural information travels through the posterolateral thalmic subnuclei to
facilitate the cortical function of the vestibular system like perception of self and vertical
motion [10, 17].
3.3 The Vestibulo Ocular Pathways
With a latency of only 6-10 milliseconds, the vestibulo ocular reflex is the fastest reflex
in the human body [18, 19]. It provides gaze stabilization during movements of head and
body [20]. Head movements in well-lit environments with movement of the visual world
also trigger optokinetic responses, which support the VOR [21]. Turning the head acti-
vates the semicircular canals, which in turn activates the vestibulo-ocular reflex (VOR).
The VOR is an equal and opposite eye movement in response to small amplitude head
movements; so great is its precision that it is possible to walk, run and jump while main-
taining one’s gaze upon a target without blurring vision. In other words “retinal slip” is
eliminated by the reflex’s image stabilization. While the VOR is necessary to eliminate
retinal slip during high frequency head rotation, for low frequencies visual input also
helps stabilize retinal images. Thus, when the VOR fails, visual acuity starts to deteri-
orate during head movements greater than 1 Hz [22]. At low velocities smooth-pursuit
helps stabilize gaze. Smooth pursuit is typically used to follow a slowly moving target
or to maintain fixation on a stationary target during slow head movement. Pursuit eye
movement fails to keep up with the moving target as the velocity increases. Although
the VOR is a reflex stabilization of gaze during any head movement, it has been exam-
ined in two di↵erent ways: angular vestibulo-ocular reflex (AVOR), which is activated
during head rotation and mediated by canal ocular reflexes and the translational/linear
vestibulo-ocular reflex (T/LVOR), which is activated during linear head movements and
mediated by otolith ocular reflexes [20].
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3.3.1 Overview of Eye Anatomy
Figure 3.6: The structure of the eye muscles in the right eye. SR - superior rectus, SO - superior
oblique, MR - medial rectus, LR - lateral rectus, IR - inferior rectus, IO - inferior oblique [24]
The human eye lies in the cone-shaped orbit. Its bony walls are shaped by the frontal,
lacrimal ethmoid, sphenoid and zygomatic bones [23]. The four rectus muscles and the
superior oblique originate from a solid ring called the Annulus of Zinn. In contrast the
inferior oblique muscle arises from the maxillary periosteum of the inferior nasal orbit.
The annulus surrounds the optic foramen, which is a channel through which the optic
nerve passes. The superior and inferior recti fasten marginally medial to the vertical
rotation axis. The superior oblique muscle passes through a rigid structure called the
trochlea and ends on the lateral posterior position of the sclera. The inferior oblique
muscle crosses the orbital floor, rises along the globe laterally and connects to the lateral
posterior globe medial to the lateral rectus. The globe is balanced and reinforced by
Tenons’s capsule (a connective tissue layer wrapping the posterior two-thirds of the
sphere. In front it is attached to the sclera and at the back end it attaches to the optic
nerve.) [23].
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Extraocular Muscles
Typically, eye movement can be measured in terms of the displacement in degrees that
the eye has rotated or the velocity in degrees per second ( /sec) with which the eye
is moving. Each eye has 6 extraocular eye muscles (EOM) positioned in 3 opposed
pairs [21]. Each muscle has a primary and secondary action. The lateral and medial
recti perform the functions indicated by their names: lateral and medial rotation in
the yaw plane. All “superior” muscles are intorters while all “inferior” muscles are
extorters. Superior and inferior recti perform the function indicated by their names,
in the laterally rotated eye (i.e.elevation and depression). Superior and inferior oblique
muscles perform the opposite of what is indicated by their names in the medially deviated
eye: the superior oblique depresses and inferior oblique elevates the eye (see Table 3.1
Figure 3.6).
Table 3.1: Extraocular Muscles
Eye Muscle Abbreviation Direction of Movement Innervated by
Lateral Recti LR abduction Abducens (VI)
Medial Recti MR adduction Oculomotor (III)
Superior Recti SR elevation, intorsion Oculomotor (III)
Inferior Recti IR depression, extorsion Oculomotor (III)
Superior Oblique SO depression, intorsion Trochlear (IV)
Inferior Oblique IO elevation, extorsion Oculomotor (III)
3.4 Horizontal, Vertical and Torsional VOR
Lorente de No´ (1933)[25] first described the three neuron arc that links the semicircular
canals to the extraocular muscles. The studies of Szentagothai [26] later confirmed that
each semicircular canal primarily excited one extraocular muscle. Recordings from single
a↵erents within the vestibular nerve enabled detailed studies of canal ocular [27, 28] and
otolith ocular [29] reflexes. The horizontal vestibulo ocular reflex consists of a three or
four neuron arc that stabilizes the visible world as we turn our heads to look around us.
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For example, turning the head to the left in the yaw plane results in ampullopetal flow
of endolymph in the left horizontal canal. Activation of the left horizontal canal primary
a↵erents will in turn activate two separate pathways [30].
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Figure 3.7: Horizontal canal vestibular ocular reflex pathway
1. A direct excitatory pathway from the right horizontal canal reaches the medial
vestibular nucleus (MVN). Second order neurons from the MVN pass to the left
abducens nucleus. From here, abducens motor neurons pass directly to the left
lateral rectus muscle and excite it. Abducens internuclear neurons cross the midline
to pass via the median longitudinal fasciculus and activate the right medial rectus.
2. A second direct pathway from the right horizontal canal passes to the lateral
vestibular nucleus. Second order neurons from the LVN pass to the right abducens
nucleus without synapsing. The ascending tract of Dieters reaches the right medial
rectus to activate it. All excitatory pathways also send reciprocal inhibitory con-
nections to the opposite muscle, thus the VOR constitutes a perfect “push-pull”
system.
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Utricle
Lateral Medial
Anterior i-SR i-IR
c-IO c-SO
Central c-MR i-MR
i-LR c-IR
Posterior i-IO i-SO
c-SR c-IR
Saccule
Superior Inferior
i-SR i-SO
c-IO c-IR
Table 3.2: Utricular and saccular connection to extra ocular muscles; i = ipsilateral, c = contralateral,
IO = inferior oblique, IR = inferior rectus, LR = lateral rectus, MR = medial rectus, SO = Superior
oblique, SR = superior rectus [10]
The vertical and torsional VOR are mediated by the two vertical canals. The anterior
canal on one side is partnered by the posterior canal on the opposite side. “Bowing”
to the right anterior canal will also inhibit the left posterior canal. Arching back in the
plane of the left posterior canal to excite it will also inhibit the right anterior canal.
Thus, the “excitatory” nystagmus for the left posterior canal is identical to “inhibitory”
nystagmus from the right anterior canal.
Stimulation of the utricular and saccular nerves produces similar latencies than stim-
ulating the semicircular canal nerves. Diphasic pathways connect the macules with the
extra ocular muscles. Muscle responses are not as e↵ective as the responses from the
semicircular canal stimulation. The diverse orientation of the hair cells in the macula
causing a heterogeneous activation, thus the induced eye movements are not representa-
tive of those occurring during natural stimulation [10]. Mechanical displacement of the
otolith membranes on each striola would present with opposite directed eye movements.
Based on observations of eye movements the utricle can be divided into 3 di↵erent zones:
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anterior, posterior and central. Each zone is separated in 2 disproportioned parts: pe-
ripheral and medial part. Stimulation of each zone causes activation of each extra ocular
muscle. Those are required to generate compensatory eye movements in the plane of the
activated hair cells. Saccular grouping is organized much simpler; it is divided into a su-
perior and inferior zone. Activation through electrical stimulation causes eye movements
in the direction expected to compensate for physiological stimulus [10](see Table 3.2).
Primary a↵erents from the left posterior canal travel to the MVN. From the MVN
the second order neurons travel in the MLF to the contralateral (right) oculomotor
and trochlear nuclei, to excite the right inferior rectus (IR) and left superior oblique
(SO), since the trochlear nerve crosses upon leaving the midbrain. Stimulation of the
left posterior canal in posterior canal BPV results in downward and rightward slow
phases and therefore upbeating left torsional quick phases. Looking leftward enhances
the “extorsion” action of SO and the “intorsion” action of IR and therefore brings out
the torsional component of benign positional nystagmus.
Inhibitory Vestibular Ocular Reflex (VOR) Pathway 
of the Left Posterior Semicircular Canals
Excitatory Vestibular Ocular Reflex (VOR) Pathway 
of the Left Posterior Semicircular Canals
Figure 3.8: Posterior canal vestibular ocular reflex pathway
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Primary a↵erents from the right anterior canal reach the ipsilateral SVN. Second
order neurons from the SVN pass via the brachium conjunctivum to the left oculomotor
nucleus. Third order neurons excite the right superior rectus (SR) and left inferior
oblique (IO) muscles. Inhibitory connections pass to the right inferior rectus and left
superior oblique. Thus excitation of the right anterior canal by ampullofugal flow of
otoconia produces upward and left torsional slow phase eye movement and a downward
rightward torsional quick phases (nystagmus). The trajectory of this nystagmus can be
changed by the “bidirectional gaze test”. Looking to the left (adduction of the right eye
and abduction of the left eye) turns the actions of the right SR into intorsion and left
IO into extorsion which would result in rightward torsional nystagmus.
Excitatory Vestibular Ocular Reflex (VOR) Pathway 
of the Right Anterior Semicircular Canals
Inhibitory Vestibular Ocular Reflex (VOR) Pathway 
of the Right Anterior Semicircular Canals
Figure 3.9: Anterior canal vestibular ocular reflex pathway
3.4.1 Vestibular Visual Interaction
The saccadic, smooth pursuit and the optokinetic systems together interact routinely
with the vestibular system for the preservation of gaze as subjects attempt to identify
moving objects of interest in space or keep gaze stable. The optokinetic system is the
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oldest system, whereas the saccadic system and smooth pursuit only evolved as the fovea
developed [10].
Saccades
Saccades are rapid voluntary eye movements, which correct and reposition the object
of interest in the centre of the fovea. They can be made in the light, dark or even
with closed eyes. Their velocity ranges from 300 to 500 degrees per second [21, 23]. To
execute a saccade an initial neural burst or pulse is needed. This in turn stimulates the
motoneurons of the extraocular muscles to produce a rapid eye movement. Subsequent to
the pulse there is a continued neuronal discharge: the so-called “step”. This maintains
gaze in position against the pull of the orbital elastic forces. The motor circuits for
saccades are located in the brainstem, however vertical and horizontal saccades in man
are generated in two di↵erent areas in the brainstem. The impulse for the horizontal
saccade starts at the paramedian pontine reticular formation from where it sends the
signal to the neighbouring abducens nucleus [31]. The impulses for the vertical saccades
are generated in the rostral interstitial nucleus of the medial longitudinal fasciculus (Ri
MLF) in the mesencephalic reticular formation.
Smooth Pursuit
Smooth pursuit allows us to stabilize our vision on moving targets while keeping the
head stationary. The system’s prime function is at low velocities and low frequencies.
Increasing the velocity of the moving target above 1 Hz in humans causes corrective
saccades [10]. The velocity of smooth pursuit eye movements matches the velocity of the
target and is continuous with no periods of rest. To keep vision clear during movement,
the eyes must focus on the moving target. Other visually mediated eye movements, such
as optokinetic responses to retinal image motion caused by head rotation and translation,
must be suppressed during smooth pursuit. This means that smooth pursuit depends
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on the ability to compensate for the e↵ects of retinal image motion so that objects are
correctly located in space – visual fixation [32].
3.4.2 The Optokinetic System
This system is thought to be a simple version of smooth pursuit involving the retina. The
tracking motion is usually interjected by saccades in the opposite direction, to transfer
gaze to new targets entering the visual field [10]. The optokinetic system uses visual
input instead of vestibular input for gaze stabilization. It is driven by retinal slip (relative
motion of the visual world across the retina) during head movements. Optokinetic
nystagmus is comparable to vestibular nystagmus, involving a slow compensatory and a
fast resetting eye movement. Optokinetic eye movements are largely facilitated through
subcortical pathways [21].
3.4.3 Nystagmus
Nystagmus is derived from the Greek word “nystagmos” meaning “nodding o↵” or falling
asleep. It is an involuntary eye movement that interrupts visual fixation. It starts with a
slow drift of the eye away from the object of regard or “slow phase” followed by a correc-
tive movements that returns the eye towards its starting position. Jerk nystagmus has a
slow phase and a fast phase. Pendular nystagmus has only two slow phases. Nystagmus
can be physiological or pathological. A subject undergoing sustained head rotation will
develop pre and post rotatory nystagmus during and directly after the rotation. Patho-
logical nystagmus has been classified using methods of varying complexity. Pathological
nystagmus can arise from lesions a↵ecting the VOR or the gaze holding mechanisms.
Here we address only these two disease-related nystagmus types. Nystagmus direction is
named by the direction of the quick phases, although it is the slow phase that represents
the VOR asymmetry. Slow phase characteristics of jerk nystagmus (linear, increasing or
decreasing velocity) can be diagnostically helpful[33].
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Table 3.3: Central and peripheral nystagmus adapted from Baloh 2009[10]
Appearance fixation Gaze Mechanism Localization
Peripheral Combined
torsional,
horizontal
inhibited Unidirectional
(Alexander’s
Law)
Asymmetric loss
of peripheral
vestibular tone
Labyrinth or
Vestibular
nerve
Central Often pure
vertical, hor-
izontal or
torsional
usually lit-
tle e↵ect
may change
direction
Imbalance of cen-
tral oculomotor
tone, usually
central vestibular
CNS, brain-
stem or
cerebellum
Peripheral Vestibular Nystagmus
Spontaneous peripheral nystagmus typically arises from unilateral injuries to the vestibu-
lar end organs, nerve or root entry zone. It has a jerk waveform with constant velocity
slow-phases. The slow phases represent asymmetric neural activity in the right versus
left vestibular nuclei. Peripheral nystagmus is characterized by slow phases towards the
damaged or paretic side and quick phases towards the intact side. It is unidirectional
and maximal when gazing in the direction of the quick phases (Alexander’s law). Periph-
eral nystagmus suppresses with visual fixation [34]. Meniere’s Disease, BPV, vestibular
neuritis and vestibular schwannoma are only a few of possible causes for peripheral nys-
tagmus. When arising from a single semicircular canal, peripheral nystagmus reflects
the plane of that canal. Right posterior canal BPV will therefore produce upbeating
rightward torsional nystagmus. Peripheral nystagmus that reflects damage to all end
organs on one side represents the vector sum of all three semicircular canals. Thus for
example a complete right vestibular loss will produce leftward mixed horizontal torsional
nystagmus. Vestibular-evoked slow phases can be overridden by visually-mediated track-
ing eye movements, such as visual fixation. Visual suppression of vestibular nystagmus
is another indicator of its peripheral origin [35]. Peripheral nystagmus can also en-
hance during positional testing. Thus for example, subtle spontaneous nystagmus could
become more obvious in the supine position or during Hallpike testing [10].
The term torsional eye movements is used when the primary eye movement is rota-
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tional over the line of sight (line of sight is an imaginary line that connects the eye with
a point of fixation), thus when the eye rotates, the line of sight remains fixed on the
same target. The direction of the torsional nystagmus will be described from the viewers
prospective as clock-wise or counter clock-wise.
Central Nystagmus
Central nystagmus results from disorders a↵ecting the brainstem and its connections
with the vestibulocerebellum. It can be horizontal, pure vertical or pure torsional. In
contrast to peripheral nystagmus, the horizontal nystagmus of central origin changes its
direction during gaze. The velocity of the nystagmus does not change with the addition
or the removal of visual fixation. Gaze-evoked nystagmus is caused by a defect in the
ocular motor gaze-holding network (the neural integrator). To overcome the elastic forces
of the orbital contents and maintain the eyes in an eccentric position, a tonic contraction
of the extraocular muscles is needed. This is produced by a command generated by the
neural integrator. When this command is weak, the eyes are pulled back towards the
centre of the orbit by unopposed elastic forces of the orbital tissues. The centripetal drifts
followed by the corrective quick phases represent “gaze-evoked nystagmus”. Gaze-evoked
nystagmus is common and is most often found in the context of drug intoxication with
ethanol, lithium and anticonvulsants [36, 37, 38]. Lesions involving the components
of the neural integrator: the nucleus prepositus hypoglossi (NPH) and MVN which
are centres for horizontal gaze-holding can cause horizontal gaze-evoked nystagmus [39,
40, 41]. Gaze-evoked nystagmus is also observed in spinocerebellar ataxias, especially
spinocerebellar ataxia type 6 [42, 43], and episodic ataxias [44].
Downbeat nystagmus has most often been reported in disorders a↵ecting the vestibulo-
cerebellum [32]. Inherited cerebellar ataxias, Chiari malformations, posterior fossa tu-
mors, drug intoxications (anticonvulsants and lithium) are a few commonly found abnor-
malities. After investigation, no cause can be identified in nearly fifty percent of a↵ected
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patients [45] and the long term prognosis in these undiagnosed patients is thought to
be benign. Upbeat nystagmus is associated with Wernicke’s encephalopathy and brain-
stem lesions a↵ecting the ventral tegmental tract, brachium conjunctivum, or medial
longitudinal fasciculus [33]. Torsional nystagmus can be observed in lateral medullary
infarction and syringobulbia [46]. In midbrain lesions, torsional nystagmus with quick
phases rotating away from the side of the lesion have been reported. Lesions a↵ecting
the riMLF and interstitial nucleus of Cajal and the middle cerebellar peduncle have also
been reported in association with torsional nystagmus.
When describing nystagmus from the viewers prospective the x, y and z are used as
subject centric coordinates. X being a line vertically through the subject’s head, y being
an imaginary line through the subject’s ears and z being a horizontal line through the
subject’s head.
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4.1 History
The first report of position-induced vertigo has been credited to Adler in 1897 [47]. In
1921 Barany described a case of “paroxysmal vertigo with nystagmus following changes
in head-position” and he attributed this symptom to the otoliths [48]. In 1952 Dix and
Hallpike, in patients complaining of positional vertigo, found that rotating the head
30-45 degrees to one side and tilting the patient’s head back 30 degrees below hori-
zontal triggered nystagmus. They reported vertical torsional nystagmus with an onset
latency of 5-6 seconds and a duration of about 20 seconds. Due to the benign nature of
the vertigo, Dix and Hallpike coined the term “benign positional vertigo”[49]. In their
study of 100 patients, a high incidence of otological disorders including trauma and mid-
dle ear disorders were reported. Harold Schuknecht [50], in 1969 described paroxysmal
positional nystagmus with an onset latency, brief duration, torsional direction and fatiga-
bility. He felt these attributes separated the described disorder from central nystagmus,
but attributed the disorder to cupulolithiasis. Based upon post mortem histological
findings in the temporal bones of two patients who had demonstrated paroxysmal posi-
tional vertigo, Schucknecht concluded that basophilic deposits found on the cupulae of
the a↵ected posterior canal took their origin from the otoconia of the utricle and were
responsible for paroxysmal positional vertigo. Although it did not explain the variable
onset latency, fatigability and brief paroxysms of Benign Positional Nystagmus(BPN),
cupulolithiasis remained the dominant theory attached to BPV for the next 30 years.
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Habituation therapies involving repeated placement of the head in the provocative po-
sition for one or both posterior canals were proposed [51, 52]. Hall, Ruby and McClure
(1979) and later John Epley (1992, 1993) [53, 54, 55] proposed two distinct subtypes
of BPV: fatigable and non-fatigable; the former arising from canalolithiasis attributable
to freely floating otoconia in the duct of the semicircular canal and the latter arising
from cupulolithiasis where the otoconia are attached to the cupula. Based upon the
intra-operative demonstration of freely floating otoconia within the endolymph of the
posterior canal by Parnes et al., (1992) [56] and the ability to abolish the symptoms of
BPV with a single repositioning manoeuvre [54] it is now accepted that canalolithiasis
is responsible for benign positional vertigo.
In 1985 McClure first described 7 patients who displayed direction changing horizontal
nystagmus, where the nystagmus beat towards the ground (geotropic nystagmus) during
positional testing. He hypothesized that the otoconia had entered the horizontal canal,
leading to nystagmus in the horizontal plane [57]. In keeping with Ewald’s second law,
nystagmus observed with the a↵ected ear down (excitatory nystagmus) was more intense
than that observed with the una↵ected ear down (inhibitory nystagmus). In 1995 Baloh
et al. described apogeotropic horizontal nystagmus (nystagmus beating away from the
ground) in three patients who initially had typical posterior canal BPV. They attributed
the new observation of horizontal persistent positional nystagmus to the attachment of
otoconia (dislodged from the posterior canal) to the cupula of the horizontal canal [58].
Finally, the existence of anterior canal BPV with canal plane torsional down-beating
nystagmus was described by Herdman and Tusa [59], who reported two patients whose
symptoms and nystagmus resolved after repositioning.
4.2 Epidemiology and Clinical Presentation
In 2007 von Brevern et al. conducted a cross-sectional telephone survey; they reported
that 10.7 to 64 patients per 100,000 are likely to su↵er from BPV, with a life-time
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prevalence of 2.4% and a one year incidence of 0.6% [60]. Elderly female patients are
more likely to su↵er from idiopathic BPV [60], with a female to male ratio of 2-3:1. A
majority of first time presenters are in their sixth decade [60]. In 2004 von Brevern and
colleagues proposed that the right labyrinth is a↵ected more often than the left one.
They theorized that there was a link between co-morbidities like congestive heart failure
(where the patient prefers to lie on the right) and the occurrence of right sided posterior
canal BPV [61]. Most patients present with posterior canal BPV, which accounts for
60-90% of all cases, whereas horizontal canal BPV accounts for 5-30% of cases [62].
Anterior canal BPV is still exceedingly rare, counting only 1-2.3% [63, 64].
The chief presenting symptom of a patient su↵ering from BPV is a perception of true
spinning lasting seconds, triggered by changes in head position. A patient will volunteer
information like: “it started when I rolled over in bed”, “ I tilted my head back to put
the linen up on the line and the world started to spin”, “I was getting out of bed and the
world began to spin” or “ I bent down to tie my shoe laces and everything spun around
me”. Although these are common presentations for BPV, patients can also su↵er from
non-specific dizziness and imbalance as well as postural unsteadiness, light-headedness
and nausea [65, 66]. Patients su↵ering from BPV usually do not experience vertigo in
the upright position during the day. The vertigo is mostly paroxysmal but it can be
followed by prolonged postural instability [67]. This can lead to the misleadingly long
“reported duration” of vertigo due to di culties distinguishing vertigo from imbalance.
4.3 Pathophysiology
Based upon the models presented by Hall et al. [53] and Epley [54] and corroborated
by the intra-operative observations of Parnes [56], it is now accepted that BPV is most
commonly caused by free-floating otoconia, detached from the otolith membranes lo-
cated in the utricle (canalolithiasis). The movement of the otoconia within the duct of
the semicircular canals is triggered by head-movement [68] and results in activation of
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the semicircular canal a↵erents, leading to nystagmus in the plane that is unique to each
canal [69]. There are 2 types of BPV described in the literature. Firstly the aforemen-
tioned canalolithiasis, which is a term used when the otoconia float freely through the
canal and do not attach to any structure [55, 56]. Secondly cupulolithiasis, a subtype of
BPV where the otoconia are fixed to a structure in the semicircular canals, mostly to
the cupula [70, 58]. Otoconia tend to accumulate at the lowest point in the labyrinth;
naturally the posterior canal is the commonest a↵ected in the upright human. Typically,
canalolithiasis has an onset latency (governed by the mass and mobility of the otoconia)
and a nystagmus velocity that rapidly rises to a peak in 5-10s and rapidly declines to
zero. In contrast, cupulolithiasis demonstrates nystagmus that gradually builds up to a
peak over 10-20s (corresponding to the VOR time constant) and declines slowly over ⇠
2-3 minutes (corresponding to the central adaptation time constant of 80 - 100 s), but
persists as long as the head remains lowered [58, 69]. The reason for the otoconia becom-
ing detached from the otolith membrane is mostly unknown. However, there is a greater
incidence in patients with an “injury” to the balance organs. These “injuries” include
Meniere’s Disease, vestibular neuritis, herpes zoster oticus and trauma like vibrations
from a dentist’s drill or mastoid surgery [71, 72, 73, 74].
4.3.1 Ewald’s Laws
BPV is a disorder that elegantly illustrates “Ewald’s first law”, which states that acti-
vation of the a↵erents innervating a given canal results in eye movements in the plane
of that canal. Ewald, in experiments conducted in pigeons, discovered and described
the nystagmus attributes linked to semicircular canal stimulation. He used a “pneu-
matic hammer” to stimulate the semicircular canals of pigeons. His first law was widely
accepted based upon the experiments of later investigators [75] and continues to man-
ifest in disease models like BPV and superior semicircular canal dehiscence. Ewald’s
second law describes the endolymph flow within the horizontal and vertical semicircular
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canals. The endolymph flow can be described as either ampullopetal or ampullofugal,
which means flow towards the cupula or flow away from the cupula, respectively. Ewald
discovered that endolymph flowing towards (ampullopetally) the cupula, which excites
the horizontal canal a↵erents, causes a greater nystagmus response than ampullofugal
flow, which inhibits the a↵erents (see Figure 4.2). He also discovered that the opposite
holds true for the vertical canals, i.e. posterior and anterior canals. Thus, in the vertical
canals ampullofugal flow causes excitation whereas ampullopetal flow causes inhibition.
Testing for BPV a↵ecting a given canal involves positioning the head in such a way
that aligns the canal with earth vertical, thus allowing otoconia to drop due to the e↵ect
of gravity. As each canal has its own unique excitatory and inhibitory nystagmus with a
rotational axis that is orthogonal to the canal, this enables its recognition. Being a “push-
me pull-you” system, the excitatory nystagmus for any given canal is identical to the
inhibitory nystagmus of its partner. Thus, upbeating leftward torsional nystagmus could
arise from excitation of the left posterior canal or inhibition of the right anterior canal.
Ideally, benign positional nystagmus should be sought with visual fixation removed;
however, Aw et al. [69] demonstrated that with visual fixation, the magnitude of BPN
is reduced but its rotational axis remains constant.
4.4 Posterior Canal BPV
Being lowermost in the upright human, the posterior canal is most commonly a↵ected
by canalolithiasis, accounting for 60-90% of all patients [62]. Provocative testing for
posterior canalolithiasis was first described by Margaret Dix and Charles Hallpike at the
National Hospital for Nervous Diseases Queen Square. Although they attributed the
resultant nystagmus to a utricular disorder, the provocative test remains unchanged and
is still considered the gold standard test for PC BPV. Dix-Hallpike testing was reported
to have an 82% sensitivity and 71% specificity in specialist settings [76] and 83% positive
predictive value and 52% negative predictive value in primary care settings [77]. The
28
4 Benign Positional Vertigo
speed and angle at which the head is lowered, time of day and operator skill are only
a few variables that could a↵ect the sensitivity of Hallpike testing. Owing to its poor
negative predictive value, repeated testing is recommended in clinical practice guidelines
[78].
During the Dix-Hallpike manoeuvre the patient’s head is turned approximately 30 to
45 degrees to the symptomatic side and the patient is tilted backwards so that the head
is extended 30 degrees below horizontal [49]. This e↵ectively brings the symptomatic
posterior canal into the sagittal plane and allows the otoconia to drop ampullofugally to-
wards the common crus, thereby causing excitation of the inner ear hair cells embedded
in the posterior canal cupula. Excitation of the posterior canal then causes activation
of the ipsilateral superior oblique and the contralateral inferior rectus muscles, which
now produce a slow phase consisting of a downward apogeotropic torsional movement
and a quick phase upbeating geotropic torsion that is familiar to clinicians. The nystag-
mus usually develops with a short latency of 0.4-2.9 s [69] and rapidly resolves within a
minute. Nystagmus features that support BPV include this onset latency, a “rise and
fall” velocity profile, resolution within one minute and reversal of the nystagmus (apo-
geotropic torsional down-beat nystagmus) when the patient is returned to the upright
position without performing a treatment. Although cervical instability and neck pain is
a common impediment to Hallpike testing, there are no published evidence-based guide-
lines on the safety of neck hyperextension to perform a Dix-Hallpike test in subjects
with cervical spine or known posterior fossa pathologies. Humphries et al. [79], of Ad-
denbrookes Hospital Cambridge recommend that cervical spine instability, symptomatic
cervical disc prolapse, cervical myelopathy, Chiari malformation, vascular dissection and
carotid sinus syncope should absolutely contraindicate Dix-Hallpike testing. In such
situations, the authors recommended the use of a “side lying test” [59], in which the
patients sit over the edge of the bed and rotate the head by 45 degrees in the yaw plane,
thus bringing the contralateral posterior canal into the roll plane. The subject then
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lies down on the contralateral side, provoking posterior canal BPV. In the candidates
own clinical environment, subjects with poor neck mobility are tested with the examina-
tion trolley lowered head down by 30 degrees (Trendelenberg position) or on the Epley
Omniax, which is not a widely available option.
4.4.1 Treatment of Posterior canal BPV
Here we outline the commonly used canalith repositioning manoeuvre described by clin-
ical investigators over the past three decades.
Epley manoeuvre
Dr John Epley, an otolaryngologist in Portland, first described this canalith repositioning
manoeuvre, which begins with a Dix-Hallpike test. From the Hallpike position, the
subject’s head is turned by 90 degrees to the opposite side, allowing the otoliths to move
along the canal. After 1-2 minutes the patient rolls onto the shoulder of the una↵ected
side, turning the nose down towards the ground. The last step is to bring the patient
back into the sitting upright position [54, 80, 81]. Furman et al. recommended that
contraindications for the use of the Epley manoeuvre are high grade carotid stenosis,
severe neck pain or unstable heart disease [82]. The e cacy of the Epley manoeuvre has
been established in multiple high quality randomized controlled trials [83, 84, 85].
Semont Manoeuvre
In 1988 Semont, a french physical therapist described, the liberatory manoeuvre for
the treatment of BPV of the posterior canal. From the sitting upright position the
patient’s head is turned 45 degrees in the direction of the una↵ected side, thus bringing
the a↵ected posterior canal into the roll plane. The patient is then swiftly moved to
a side-lying position on the a↵ected side. The next step is to move the patient with a
continuous transfer into the side-lying position of the una↵ected side. The final move
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brings the patient back into the sitting upright position. There should be a break of
1-2 minutes before continuing with the next step [86]. Cohen et al., [87] compared
the e cacy of the Semont manoeuvre against sham treatments and found significantly
improved symptoms for the Semont group. Salvinelli et al. [88] in a randomized trial
compared the Semont manoeuvre, flunarizine and no treatment, reported 94.2%, 57.7%
and 34.6% symptom resolution in the three groups. In summary, the Semont manoeuvre
is proven to be more e↵ective than no therapy in studies with small numbers of subjects.
Brandt Daro↵ exercise
First described in 1980 by Brandt and Daro↵, this treatment aims to disperse the oto-
conia from the canal. The patient is trained to lie down on their side from the sitting
position, then sit upright again and lie down on the other side. The patient is instructed
remain in each position for 30 seconds [51]. In a randomized comparison of Epley, Semont
and Brandt-Daro↵ exercises, symptom resolution at 1 month was the same for the Epley
and Semont groups at 74 and 71% but only 24% for the Brandt Daro↵ group [89]. Fur-
ther, home-Epley manoeuvres were also found to be more e↵ective (64% improvement)
than self-administered Brandt-Daro↵ exercises (23% improvement).
Half Somersault by Carol Foster
Foster and colleagues introduced the half somersault in 2006 in their clinic. This exercise
was taught to the patient for the home-treatment of BPV. The patient starts in the
kneeling position, the head is tilted back so that the patient is looking towards the
ceiling. The next step is to bring the head forward and tuck the chin as far towards
the knee as possible. Then the head is turned 45 degrees towards the a↵ected side (the
a↵ected posterior canal would now be in the pitch plane, with the otoconia moving in
the direction of the common crus). While keeping the head at 45 degrees, the head is
lifted to the level of the shoulders. The last step is to bring the head into the upright
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position while maintaining 45 degree rotation of the head, thus aiding the movement of
otoconia through the common crus into the utricle [90].
4.5 Horizontal Canal Benign Positional Vertigo
4.5.1 Horizontal Canalolithiasis
In 1985 McClure described horizontal canal BPV for the first time [57]. In subsequent
years many researchers described 2 di↵erent forms of horizontal canal BPV [58, 91,
92], the paroxysmal geotropic form and the persistent apogeotropic form. Horizontal
canal BPV is often mistaken to be “bilateral BPV” since it presents with bidirectional
horizontal positional nystagmus. Horizontal canalolithiasis produces horizontal geotropic
nystagmus which is more intense with the a↵ected ear down. Sometimes it can be di cult
to compare the nystagmus velocities with either ear down. Researchers have proposed
several alternative methods for localizing the a↵ected side. In 2006 Choung et al. [93].,
proposed the “bow and lean” test to determine the a↵ected side. Choung showed that in
horizontal canalolithiasis, when positioning the patient in the supine position or arching
the subjects head back, the nystagmus beats to the a↵ected ear. In contrast, upon
placing the patient in the nose down position or having the subject bowing the head
forward, the nystagmus beats towards the good ear (see Figure 4.1). In 2005 Asprella-
Libonati [94] proposed that “pseudo spontaneous nystagmus” can be used to localized
the a↵ected side in horizontal canalolithiasis. Because the horizontal canal is tilted 30
degrees (nose up) of the horizontal plane, turning the patients head in the horizontal
plane can contribute to some loose otoconia movement within the semicircular canal.
The slow movement of otoconia will induce “inhibitory” nystagmus which beats towards
the healthy side.
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Right CupulolithiasisRight Canalolithiasis
Figure 4.1: Canalolithiasis: the nystagmus beats towards the una↵ected ear in the supine (nose
up) position. In the prone (nose down) position the nystagmus will beat towards the a↵ected ear.
Cupulolithiasis: the nystagmus will beat towards the a↵ected side in the supine (nose up) position
and away from the a↵ected side in the prone (nose down) position.
Treatment of Horizontal Canalolithiasis
The Lempert manoeuvre or barbecue manoeuvre for treatment of horizontal canalolithi-
asis consists of 360-degree rotations around the yaw-axis in 90-degree increments starting
with the a↵ected ear down. Rotations in the direction of the una↵ected ear seek to chan-
nel the otoconia out from the horizontal canal towards the utricle. Cohort studies and
case studies indicate that the barbecue manoeuvre has a ⇠75% e cacy as a treatment
for HC BPV [94, 95, 96, 97, 98].
In the Gufoni manoeuvre, the patient lies down on the healthy side, and stays there
for 1-2 minutes; afterwards a quick 45 degree rotation of the head towards the floor
is performed, to achieve a nose down position. After remaining in this position for 2
minutes the patient returns to the upright or starting position. In summary, the many
variations of the barbecue manoeuvre are widely used for the treatment of horizontal
canalolithiasis but there are no randomized controlled trials to document their e cacy.
Forced prolonged positioning (getting the subject to sleep on the una↵ected side) is
reported to be as e↵ective as repositioning manoeuvres for the treatment of horizontal
canal BPV. Its e cacy is reported to be 75-90% based on case series.
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Kim et al., (2012) conducted a randomized trial that compared the barbecue, Gufoni
and sham manoeuvres in 170 subjects. After a maximum of 2 treatments, the barbe-
cue and Gufoni yielded superior responses (69.1 and 60.9%) compared with the sham
(35.4%)[99].
Right Canalolithiasis Right Cupulolithiasis
Figure 4.2: Ewald’s second law: Ampullopetal flow in the horizontal canals evokes a greater nystag-
mus response than ampullofugal flow i.e. in a patient with right sided canalolithiasis of the horizontal
canal lying the patient with the right ear down will produce a greater nystagmus response than lying
the patient with the left ear down. The converse holds true for a patient with right sided horizontal
cupulolithiasis.
4.5.2 Horizontal Cupulolithiasis
Horizontal canal cupulolithiasis is associated with bidirectional horizontal apogeotropic
nystagmus. The nystagmus is more intense with the una↵ected ear down [58]. Like
canalolithiasis, cupulolithiasis can sometimes present with very similar nystagmus in-
tensities with either ear down. Tests similar to those used for canalolithiasis have been
proposed as a means of identifying the culprit ear. Researchers have proposed alterna-
tive tests to elicit the a↵ected side to allow treatment [100, 101]. The bow and lean test
was reported to demonstrate nystagmus beating to the a↵ected ear in the supine/lean
positions and to the intact ear in the prone/bowing position [93]. Bisdor↵ et al. [102]
found that the horizontal positional nystagmus of cupulolithiasis suppresses when the
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head is turned 10-20 degrees towards the a↵ected ear “null point”. The pseudo sponta-
neous nystagmus of cupulolithiasis, unlike that of canalolithiasis, was reported to beat
away from the healthy side [94].
Treatment of Horizontal Cupulolithiasis
The treatment of horizontal cupulolithiasis aims to loosen the otoconia attached to the
cupula and convert the apogeotropic form of BPV to the geotropic form. Barbecue
manoeuvres towards the una↵ected ear, therapeutic head-shaking in the yaw plane,
and modified Semont and Appiani manoeuvres have been suggested as treatments [98,
103, 104]. The head shaking also seeks to loosen the otoconia from the cupula and
convert cupulolithiasis to canalolithiasis. The modified Semont manoeuvre consists of
three steps: First, the patient is brought to a side lying position with the a↵ected ear
lowermost. Next the head is turned 45 degrees towards the floor and remains in position
for 2-3 minutes. Finally the patient is brought back into the original position. Oh
et al. [104] compared the therapeutic e cacies of head-shaking and modified Semont
manoeuvre in 103 patients with apogeotropic horizontal canal BPV in a prospective
randomized study. They demonstrated that head shaking was more e↵ective (37.3%
benefit) compared with the modified Semont manoeuvre (17.3%). Recently, Yamanaka
et al., 2013 reported a new “head tilt hopping exercise” where subjects were trained
to hop while tilting the head laterally in the roll plane. In a preliminary study of 27
subjects, 70% experienced an improvement in positional vertigo or intensity of nystagmus
after 4 weeks of head tilt hopping 3-5 times a day [105].
4.6 Anterior Canal BPV
In the upright human the anterior canal lies at a higher level than the two other canals,
therefore it is no surprise that anterior canal BPV is exceedingly rare and probably more
likely to occur as a complication of the treatment of PC BPV. In the Dix-Hallpike test,
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AC BPV presents with torsional down beat nystagmus with torsional quick phases beat-
ing towards the a↵ected ear [106, 107]. Aw et al. [69] and Bertholon et al. [108] found
that AC BPV could produce a positive Hallpike test with the ipsilateral, contralateral
or both ears down. They hypothesized that since the position of the AC ampulla is
relatively high, either Hallpike test su ced as a trigger for ampullofugal movement of
otoconia. The lateralisation of AC BPV relies more on observing the direction of torsion
than picking the “more symptomatic ear”
4.6.1 Treatment of Anterior Canal BPV
In 1999 Honrubia and colleagues suggested that the reverse Epley manoeuvre can be
used for the treatment of anterior canal BPV. They described the steps as follows:
after moving the patient in the Dix-Hallpike position for the una↵ected ear the Epley
manoeuvre towards the a↵ected ear is executed [109]. Crevits (2004) proposed the
“prolonged forced position procedure” (PFPP) for the treatment of anterior canal BPV.
He suggested following these steps: first the head of the subject was positioned in the
head hanging manoeuvre. This was achieved by rapidly moving the patient from sitting
upright to lying down with the head extended over the edge of the bed with the vertex
about 60 degrees below horizontal. For 30 minutes the head is to be supported in
this position. It is thought that the debris accumulated in the anterior canal migrates
downwards in the direction of the crus. The second step is to move the head forward as
fast as possible. Because of the inertia the otoconia are moved along the anterior canal
into the common crus. After this position is reached the head is maintained fixated in
this position for 24 hours. The next day the patient is asked to sit up, this should allow
the otolith to migrate along the common crus into the utricle [110].
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4.7 BPV Mimickers
Benign positional vertigo is not the only condition that presents with positional vertigo
and nystagmus. There are several central and peripheral vestibulopathies which mimic
the patterns and symptoms of BPV.
4.7.1 Central Positional Nystagmus (CPN)
Central positional nystagmus, as its name implies, arises from asymmetries or lesions
a↵ecting central pathways that convey or process vestibular signals. Many authors have
attempted to provide guidelines that help separate BPV from central positional nys-
tagmus, based on clinical observations and studies performed on experimental animals.
As outlined earlier, typical BPV has an onset latency, nystagmus that follows a canal
plane, a rapid rise and fall in nystagmus velocity and a brief duration close to 30 sec-
onds. However all these “rules” could be overturned due to changes in the velocity at
which provocative manoeuvres are undertaken, the volume and mobility of the otoco-
nia, viscosity of the endolymph, alertness of the subject and the eye position assumed
during positional testing. Central nystagmus typically has a rapid onset with virtually
no latency [111, 112]; latencies extending to 3-5 seconds were reported by Watson et
al., 1981 [113]. In experimental animals, injuries to the nodulus (dorsal vermis) can
however produce latencies of up to 50 seconds [114, 115]. Central positional nystag-
mus usually has a low and constant frequency [5]. In animal models Fernandez et al.
[114, 115] have shown that a lesion to the vermis produces down-beating nystagmus
in animals. Positional vertigo has been described in the context of multiple sclerosis
with brainstem lesions, posterior fossa tumors or strokes in the brainstem [116]. In 1984
Kattah and colleagues reported a case of a cyst formed in the cerebellar vermis caus-
ing positional down-beat nystagmus. Surgical drainage of the cyst relieved the patient
from all symptoms and the nystagmus [117]. Head positioning in patients with cen-
tral positional nystagmus can present with many di↵erent patterns of nystagmus [118].
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In 2002 Bertholon et al described 50 patients with positional down-beating nystagmus.
Thirty-eight of those had central involvement like multiple system atrophy, cerebellar
degeneration, cerebrovascular disease, multiple sclerosis or hydrocephalus. Most of these
patients had pure down-beating nystagmus and some had down-beating nystagmus with
a horizontal or torsional component [108].
4.7.2 Drug-Induced Positional Nystagmus
Down-beating positional nystagmus has been reported after Lamotrigine and Pregabalin
and intoxication [119, 120]. These presentations are likely to represent cerebellar nys-
tagmus enhanced by head hanging. Apogeotropic horizontal nystagmus and cerebellar
ataxia was also described by Gautchi et al. [121] in the context of inhaled volatile sub-
stance abuse (paint sni ng). Geotropic as well as apogeotropic horizontal positional
nystagmus are displayed during the “resorption-phase” and the “reduction-phase” of
positional alcohol nystagmus (PAN I and PAN II). During PAN I alcohol first deposits
into the cupula, hence making it buoyant in the endolymph and causing geotropic nys-
tagmus. PAN II is characterized by alcohol first degrading from the cupula leaving the
cupula relatively heavy when compared with the alcohol saturated endolymph [122, 123].
4.7.3 Vestibular Migraine (VM)
In 1984 Kayan and Hood described the neuro-otological manifestations of migraine for
the first time. They reported positional vertigo as one of the manifestations of vestibular
migraine [124]. Position testing in patients diagnosed with VM can reveal low amplitude
unidirectional horizontal nystagmus, direction changing apogeotropic and geotropic hor-
izontal nystagmus as well as vertical and torsional nystagmus [125, 126, 127]. Patients
su↵ering from vestibular migraine usually report the onset of spontaneous or positional
vertigo. An attack of positional vertigo in conjunction with vestibular migraine can
present with vertigo and nystagmus lasting as long as the patient is in the provoking
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position. In 2004 von Brevern et al reported that patients diagnosed with vestibu-
lar migraine displayed persistent apogeotropic and geotropic horizontal nystagmus and
paroxysmal torsional and down-beat nystagmus during attacks [128]. As many as 40-
46% of patients diagnosed with VM su↵er from positional vertigo, but not inevitably
with every attack [129, 128]. Dysfunction of vestibular structures in the brainstem or
the vestibulo-cerebellum could be blamed for the positional vertigo in VM [118].
4.7.4 Schwannomas and other Tumors
Tumors located in the posterior fossa can present with positional nystagmus, which is
paroxysmal in character. In 1998 Dunniway and Welling described 5 cases of patients
who were diagnosed with intracranial tumors presented with vertigo mimicking BPV.
All five cases presented with paroxysmal positional vertigo and in all cases nystagmus
was elicited during position testing in the Dix-Hallpike position. Tumours found in
these subjects included vestibular schwannoma, cerebellopontine angle meningioma and
glioma located in the posterior thalamus and anterior midbrain [130]. In our own studies,
a patient presenting with an acute onset of positional disequilibrium and positional down-
beating nystagmus was found to have dysplastic cerebellar gangliocytoma (Lhermitte-
Duclos disease) [131]. A further patient diagnosed with a superior cerebellar peduncle
haemangioblastoma presented with a typical BPV history and paroxysmal down-beating
nystagmus on position testing [132]. Choi and colleagues also reported a case of a
paraneoplastic syndrome causing down-beating positional nystagmus [133].
4.7.5 Meniere’s disease (MD)
In 1957 Aschan and Stahle [134] described 2 cases of patients with MD who displayed
direction changing horizontal nystagmus on positional testing during an attack of MD.
They contemplated that direction changing nystagmus in MD has great similarities to
direction changing positional alcohol nystagmus. [135]. Bergenius and Tomanovic (2006)
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described persistent geotropic positional nystagmus, which they accredited to a “light
cupula” as a result to a change in homeostasis of proteoglycans which is incorporated
by the cupulae[136]. We can only speculate that di↵erences in the specific gravity of
endolymph could alter its relationship with the normally neutrally buoyancy of the
cupula and cause geotropic or apogeotropic horizontal nystagmus.
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5.1 Patients
Patients with a history of positional vertigo were recruited with informed consent from
a dedicated clinic for intractable BPV. This clinic received direct referrals from oto-
laryngologists, neurologists, two physical therapists with >20 years expertise treating
BPV and from the general neuro-otology clinic of the Royal Prince Alfred Hospital Syd-
ney. All subjects underwent a neurological examination inclusive of a neuro-otological
assessment. Their ages ranged from 14-99 years (70 ± 14). Patients were studied with
informed consent. Those with a history of motion sensitivity, nausea and vomiting
during previous treatments for BPV or vestibular migraine were o↵ered pre-medication
(Prochloperazine 12.5 mg intramuscular injection and Ondansetron 8mg sublingually).
5.2 Indications for use
Indications for testing on the rotator included BPV unresponsive to repeated bedside
manoeuvres, a history suggestive of BPV with multiple negative bedside tests, rare
BPV subtypes (anterior canalithiasis and cupulolithiasis a↵ecting any canal), bilateral
and multi-canal BPV and positional vertigo in disabled patients or those with limited
neck movement. Contraindications included patients with retinal detachment, weight
exceeding 150kg and severe claustrophobia.
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(a)
beta - axis
alpha - axis
(b)
Figure 5.1: Epley Omniax R  Rotator in the left ear down position, and rotation axis
5.3 Epley Omniax Rotator
The Epley Omniax is a motorized two-axis rotator, which enables patient alignment in
any given canal plane. The rotator is able to perform 360-degree rotations on the Alpha
and Beta axes. The seat is fixed to the Beta axis. Drive and feedback of the chair’s
movement are transmitted via serial ports. Servo motors drive a chain drive through a
gearbox. For the alpha axis, a chain drives a roller to rotate the axis, while the beta
axis is directly driven(see Figure 5.1b). Two linear actuators can alter the angle of the
chair. To perform a testing manoeuvre like the Dix-Hallpike test, the operator can use
the pre-installed settings or the freestyle mode. The freestyle mode allows the operator
to freely adjust the target positions for the patient. Video-oculography is transferred
to the computer via Wi-Fi and allows monocular online observation of the patient’s
eye-movements during testing and treatment. Testing was conducted in the dark so the
patient’s eye is illuminated with two infrared light sources, video sampling occurred at
a frame rate of 30 Hz. The patients were then secured to the Omniax chair with a
4-point seat belt. Air bags were inflated on either side of the thighs and the arms to
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allow optimal and individual fixture of the patient in the chair. To keep the patient’s
head fixed in the straight ahead position, an articulated head rest was used. Testing
was commenced with a horizontal calibration. All subsequent test manoeuvres were
accompanied by online video oculography.
5.4 Testing and Treatment for Posterior Canal BPV
To test a patient for BPV of the posterior canal the patient was tilted such that the
posterior canal of interest was aligned with earth vertical. The chair was rotated 45
degrees on the beta axis towards the test ear and tilted 120 degrees back ward on the
alpha axis, (see Figure 5.2) bringing the patients head 30 degrees below horizontal in the
plane of the posterior canal. If posterior canal benign positional nystagmus was observed,
treatment with a “backward somersault” (see Figure 5.4) in PC plane was undertaken.
This involved a 240 degree rotation in 2 steps. Upbeating torsional nystagmus observed
during the course of this movement indicated ampullofugal flow of otoconia towards
the common crus and a successful manoeuvre. After the first rotation was completed a
short break was given to the patient, and another backward somersault was performed. A
minority of patients who were overweight (>120 kg) or who had severe anxiety symptoms
were treated using the Epley Manoeuvre.
Beta Axis
0°180°
-45°
45°
-90°
90°
Head Position Patient’s PositionAlpha Axis
0°
180°
-90° 90°
-120° 120°
Figure 5.2: Right Dix-Hallpike test, indicating the positions on alpha and beta axis of the Epley
Omniax R  Rotator, as well as the head and patient position.
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A B C D E F G H
Figure 5.3: Epley manoeuvre for treatment of the left posterior canal
 A + D
B C
Figure 5.4: Backward somersault for treatment of BPV a↵ecting the right posterior canal. The
patient is turned 45 degrees to the right side, then tilted backwards 30 degrees below horizontal (Dix-
Hallpike test) and rotated 120 degrees further along this axis (C) and brought back to the sitting
upright position (D),
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5.5 Testing and Treatment for Horizontal Canal BPV
The horizontal canals are tested by rotating the patient backwards by 90 degrees on the
alpha axis to first bring the patient to the supine position. When the nystagmus had
stopped the patient was either moved to a 90 degree right or left ear down position. To
perform “bow and lean testing”, the patient was seated upright again and tipped 110
degrees forward on the Alpha axis to test the nystagmus in the prone position. When
nystagmus typical for horizontal canal BPV was observed and the a↵ected side was
identified, the patient was treated with barbecue rolls towards the una↵ected ear. This
consisted of 90 degree rolls from the a↵ected ear down position towards the una↵ected
ear.
Beta Axis
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Figure 5.5: Right roll test, indicating the positions on alpha and beta axis of the Epley Omniax R 
Rotator, as well as the head and patient position.
A B C D E F G
Figure 5.6: The barbecue manoeuvre for left horizontal canal BPV. Rotation of the patient in the
plane of the horizontal canal in 90 degree increments, rolling away from the a↵ected side.
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5.6 Testing and Treatment for Anterior Canal BPV
To test a patient for anterior canal BPV patients first underwent Hallpike testing (i.e.
rotated 45 degrees either to the left or to the right and then tipped 120 degrees back-
ward). Paroxysmal torsional downbeat nystagmus was taken to be indicative of anterior
canalithiasis. Further confirmation was sought by seeking reversal of this nystagmus
upon returning to the upright position from the Dix-Hallpike position. Additional test-
ing was also undertaken by pitching the subject forwards in each anterior canal plane.
The a↵ected ear was identified by identifying the direction of the torsional nystagmus
rather than by the laterality of positive Hallpike tests. To unmask torsional nystagmus,
“bidirectional gaze testing” was undertaken. To treat AC BPV, forward somersaults
were undertaken in the plane of the a↵ected canal.
5.7 Data Extraction and Analysis
patients were diagnosed with BPV on a history of positional vertigo, paroxysmal posi-
tional vertigo which on visual inspection fitted with a single canal plane, and the resolu-
tion of the nystagmus and vertigo upon performing a particle repositioning manoeuver
for the particular canal.
Patients were classified by their final diagnosis, reached after consideration of the
history, physical examination and visual inspection of positional testing videos by the
treating neurologist. Videos demonstrating positional nystagmus were marked for anal-
ysis. Only those who were diagnosed with BPV were analysed for chapter 6. Further
analyses of additional subgroups was undertaken for subsection 6.3.1.
A battery of custom build LabVIEW and C++ programs was used to prepare and
analyse the video data: Omniax Archiver, Pupil Tracker, OmniCSV.app and EyeVideo
Data Analyser. The Omniax Archiver exported the files for the analysis in chosen
intervals. After exporting, videos were inspected if suitable for tracing. The pupil
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Table 5.1: Nystagmus classification
Present Horizontal Vertical Torsional
0 No Nystagmus No Nystagmus No Nystagmus No Nystagmus
1 Paroxysmal Leftbeating Upbeating Leftward Torsion
2 Persistent Rightbeating Downbeating Rightward Torsion
tracker traced the pupil in a video and saved the data points in a text file. OmniCSV
was used to extract the frames needed for the correct display of the positions. This
information was saved as a csv-file. The eye video data analyser combined the file with
the frame information with the information of the eye position and allowed alignment
of lines to the slow phase of the nystagmus. The gradient of these slopes was plotted as
a graph. A line was fitted along this plot. Within this plot the onset latency, duration
and the peak slow phase velocity (SPV)were marked. This information was statistically
analysed.
5.7.1 Pupil-tracking
In order to measure eye position, the pupil must be recovered from each video frame.
The video data was sometimes corrupted by sensor noise, reflection artefact from the
infrared illumination LEDs (by both primary and higher order reflections), or inter
frame variation of illumination intensity. Furthermore the pupil was sometimes partially
or fully obscured within the scene by the eyelids and eye lashes. The spatial resolution
of the video was significantly higher than the pupil, however not in comparison to the
described artefacts. The temporal resolution was low with frames sampled at 30 Hertz,
which sometimes made tracking between frames di cult during fast eye movements,
which the system was seeking to measure.
Our earlier initial designs performed poorly when tasked with this problem. A simple
threshold failed as the ideal threshold varied continuously throughout the video due
to shadows and inter-frame variation of illumination. Circular and elliptical fitting of
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threshold-based edge data broke down without an elliptical edge dominant amongst the
various artefacts.
Our solution was based on an active contour [137] using an elliptical contour, as per
the parametrization
v =
0B@ cos (')   sin (')
sin (') cos (')
1CA
0B@ a cos (✓)
b sin (✓)
1CA+
0B@ xp
yp
1CA (5.1)
Where (x, y) were the image coordinates, (xp, yp) was the pupil centre, ✓ 2 [0, 2⇡) was
the contour parameter, b and a were the major and minor radii, and ' was the angle
between the ellipse and image axes.
The active contour was an energy minimizing function whose local minima was de-
signed to correspond to the true pupil location, or in other words, the contour to corre-
spond to the pupil edges. This was constructed as aligning the contour normal
0B@ nx
ny
1CA
with the image gradient rf via:
E =  
2⇡Z
0
0B@ nx
ny
1CA ·r (g ⇤ f) (x, y) d✓ (5.2)
Convolution with a spatial Gaussian filter g was included in this equation to reduce
some the of noise and increase the size of edge capture zone. Energy-based smoothing
was not require as the parametrization already ensures an elliptical solution.
This optimization problem was solved using gradient descent driven by the partial
derivatives of E, initialized with the final parameters of the previous frame.
The tracking was also helped by an additional term that pushes the contour outwards
along its normal in regions of low intensity, i.e. inside the pupil.
Whilst the contour performed well in rejecting many artefacts, the bright reflection
near the pupil boundary did cause distortion. We eliminated this distortion by masking
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out these bright regions and allowed the contour to naturally interpolate over them,
using the remaining regions to determine the solution.
The procedure relied on tracking small changes from frame to frame. During fast eye
movements this sometimes fails. When this scenario was detected our simpler threshold
method was employed to roughly reposition the contour onto the pupil and the active
contour optimization is recommenced.
The final (xp, yp) pixel positions were transformed into angular data by removing
the forward position o↵set and applying a polynomial mapping function, which was
calculated previously from finely sampled calibration points.
The method performed qualitatively well, with low noise compared to other methods.
Whilst measurements ware still unavailable from a large number of frames, this was
nearly always due to the majority of the pupil being obscured. These frames were
detected and not considered in the ensuing analysis. These measurements did assume a
reasonably rigid and fixed attachment of the recording goggles to the head.
The implementation was written using C and LabVIEW.
In order to measure the characteristic properties of the response represented by the
sparse set of data points (tn, yn), a model fitting paradigm was employed. We found that
typical responses can be described succinctly by the second-order over-damped equation
m (t) =
8><>: 0 t < t0A  e ↵(t t0)   e  (t t0)  t   t0 (5.3)
where t0 is the onset, A is the amplitude and ↵ and   are exponential decay constants.
This models a sudden rise to a peak followed by a slower decay back to zero, which is
typical of what we have witnessed in most subjects.
The model is fitted using gradient descent which optimizes the cost function
J =
NX
n=1
f (m (tn)  yn) (5.4)
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where
f (x) =
8><>: x
2 |x| < xL
2xLx  x2L |x|   xL
(5.5)
is designed to minimize the influence of extreme outliers. The measures we have
used were either taken directly from this equation or calculated from it using numerical
methods.
5.8 Statistical Analysis
For the statistical analysis the software package SPSS (SPSS version 20, SPSS Inc.
Illinois, USA) was used. Onset, duration and peak slow phase velocity are outlined as
median, interquartile range (upper and lower quartile) and range. All the dependent
variables for posterior canal BPV were not from a normal distribution (generally very
positively skewed). For this reason, and because of the large inequality in sample sizes,
non-parametric methods were used and the median was used in place of the mean for
measures of central tendency. Because of the highly dichotomous nature of the onset
latency data (i.e, most had zero onset), the descriptive were based on categories of onset
latency, i.e, group 1 = no onset latency (all patients with either zero onset or onset
<1 second); group 2 = onset between 1.0 and 5.0 seconds; group 3 = greater than
5 seconds. To compare the percentage of patients with posterior BPV and horizontal
canalolithiasis demonstrating no onset latency, the chi-square test was used. Missing
data were excluded from the analysis on a case-by-case basis. To compare the duration,
peak-SPV and peak-time between posterior and horizontal groups, the Mann-Whitney
U test was used, which converts the data into rank order and compares the mean ranks
between the two groups.
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5.9 Limitations
Since the Epley Omniax R  Rotator video glasses o↵ered a 30 Hz sampling frequency
and since the iral marking obtained from our videos did not have the resolution to
allow measurement of torsion, we only obtained a 2 dimensional trace from our video
oculography. This meant that the nystagmus axis could not be mapped. Our patients
were recruited from a single centre, therefore the proportions of BPV vs. non-BPV
patients could reflect the referral bias for that clinic. Treatments were deemed successful
based on patients reports (by phone call 1 week later) rather than by repeating the study
and demonstrating absence of nystagmus and vertigo.
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A total of 1519 patients were tested on the Epley Omniax R  Rotator. Of these, 616
patients were diagnosed with BPV. 415 patients had unilateral posterior canal BPV, 66
horizontal and 8 with anterior canal BPV, while 85 had bilateral PC BPV, 32 had BPV
a↵ecting greater than 2 canals. The mean age of patients presenting for BPV was 70 ±
14 years and the age range 14-99 years. The majority of the patients were in their 7thth
to 9th decades. 410 patients were female and 205 patients were male (see Figure 6.1).
Patients were diagnosed with BPV based upon a history of positional vertigo, paroxysmal
positional nystagmus, which on visual inspection fitted a single semicircular canal plane,
and the resolution of the nystagmus and vertigo upon performing a particle repositioning
manoeuvre appropriate for that canal.
The majority of Cases of BPV have been primary (75%) and only a quarter had
a secondary cause of BPV. Within the secondary causes the most common cause was
trauma with more than a third (38%) of cases, the second most common cause was
Vestibular Neuritis (23.8%) followed by Meniere’s Disease (16.6%). In 14% of the cases
the episode of BPV was following a surgery. In 4.7% and 2.4% of all secondary causes
of BPV, an infective Illness or Autoimmune disease and a Ramsey Hunt Syndrome have
been named to trigger BPV, respectively (see Figure 6.2).
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Figure 6.1: Breakdown of patients into age groups (a) and gender allocations of BPV patients (b).
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Figure 6.2: Distribution BPV Causes, separation by primary and secondary causes (a) and allocation
of secondary Causes (b).
6.1 Posterior Canal BPV
Five hundred patients were diagnosed with BPV of the posterior canal, based on the
presence of a) positional vertigo and nystagmus, b) upbeating torsional nystagmus in
the Dix-Hallpike position c) short-lived spells of positional vertigo lasting <1 min, d)
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symptom resolution following the repositioning manoeuvre. 415 patients were found to
be a↵ected by unilateral posterior canal BPV, and 85 had the posterior canals a↵ected
bilaterally. Patients who were diagnosed with unilateral posterior canal BPV were mostly
treated with 360 degree backward rotations in the plane of the a↵ected posterior canal.
A minority of patients (n=45) were treated with an Epley manoeuvre on the rotator
immediately after position testing occurred. Patients who had BPV a↵ecting both of
the posterior canals were routinely treated with consecutive backwards rotations in the
plane of both canals. For those who had bilateral PC BPV and were unable to tolerate
the backward rotation, Epley manoeuvres for each side were performed on 2 separate
visits that were one week apart. Of the 415 patients diagnosed with unilateral posterior
canal BPV the spatio-temporal characteristics were elicited in 247 cases. Eye videos of
the remaining subjects were degraded by blink artefact or eye closure that restricted the
ability to obtain a useful eye velocity profile.
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Figure 6.3: Right posterior canal BPV: right nystagmus trace and slow phase velocity (SPV)profile
of right posterior canal BPV showing the classical crescendo, decrescendo pattern and nystagmus
declined zero 20 seconds after onset.
54
6 Properties of Benign Paroxysmal Positional Vertigo
Spatiotemporal Characteristics
For posterior canal BPV the onset latency of nystagmus varied greatly. In 64.5%, the
nystagmus onset was immediate (i.e. less than 0.5 seconds); for 25.4% of cases the
nystagmus started within the first 5 seconds and the remaining 10.1% of cases had an
onset latency ranging from 5 to 26 sec.
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Figure 6.4: Onset latency categories of posterior canal BPV. A majority of subjects showed an
immediate onset of nystagmus.
The nystagmus duration for posterior canal BPV ranged from one to 85 seconds. For
50% of the patients the duration of the nystagmus was between 9.5 sec (lower quartile)
and 22.4 sec (upper quartile) median was 13.4 sec.
The distribution of the slow phase velocity (SPV) was positively skewed ranging
from 2.6 /sec to 248.6 /sec. For 50% of patients the peak SPV were clustered be-
tween 16.0 /sec (lower quartile) and 50.4 /sec (upper quartile) with an average of
30.1 /sec (median). The slow phase velocity when plotted as a function of time could
be fitted to a 3rd to 12th order polynomial curve. The time taken to reach the maxi-
mum SPV was highly variable and ranged from 0 to 78 seconds. The central 50% were
clustered around 3 sec (lower quartile) and 7 sec (upper quartile) with the median at 4
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Figure 6.5: Boxplot of nystagmus duration in posterior and horizontal canalolithiasis
sec.
Since the peak SPV values were not normally distributed, we performed a logarithmic
conversion. On Independent sample t-tests, no significant di↵erence between the peak
SPV on idiopathic and secondary BPV causes was found (p=0.660).
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Figure 6.6: Boxplot of times taken for the nystagmus to reach peak SPV in posterior canal BPV,
horizontal canalolithiasis and cupulolithiasis.
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Figure 6.7: The boxplot compares the peak SPV in posterior canal BPV, horizontal canalolithia-
sis(a↵ected side) and cupulolithiasis
6.1.1 Decline Factor
To compare the slow phase velocity profiles of horizontal canalolithiasis, posterior canalithi-
asis and horizontal cupulolithiasis, we used the time taken for the SPV to decline to 50%
of peak value. We shall refer to this value as t50. The t50 for posterior canalithiasis
(mean=8.58 sec, median=6.67 sec, SEM=0.79 sec) was half that of the t50 for horizontal
canalithiasis (mean= 12.94 sec, median=13.62, SEM=1.49). Kolmogorov Smirnov tests
indicated that t50 values were not normally distributed data for posterior canal BPV
group, therefore a logarithmic conversion was undertaken. Paired T-test after logarith-
mic conversion indicated a highly significant di↵erence in t50 between horizontal and
posterior canal BPV patients (p=0.005). Since the number of values for cupulolithi-
asis were too small, they were not included in the statistical analysis. However the
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t50 for cupulolithiasis showed the trend of being even longer than that of HC and PC
canalithiasis (mean=33.23sec, median=40.24, SEM=4.97 sec).
Treatment
Only one treatment visit was needed for the majority of patients (336); 64 patients re-
quired two treatments and 15 required 3 or more visits. One subject had 11 treatments,
each of which had short term resolution but recurred after 1-2 weeks and spontaneously
dislodged her otoconia approximately 30 minutes after the 11th repositioning manoeu-
vre, as evidenced by an episode of sudden severe disequilibrium and a falling sensation.
Her provocative tests were negative thereafter. One subject had evidence of repeated
backflow of otoconia upon returning to the upright position and underwent eight treat-
ments conducted one or more weeks apart. She was referred for posterior canal plugging.
Upon performing the Dix-Hallpike test for the opposite ear, in 57 patients we found low
amplitude (<5 /sec) down-beating nystagmus which was persistent in character. In 26
subjects we observed a “dislodgement” of otoconia into the horizontal canal during the
course of a treatment. This phenomenon never occurred on the first backward rotation
and it was characterized by a violent burst of geotropic nystagmus in the plane of the
horizontal canal. In these cases treatment of the posterior canal was ceased and a sin-
gle barbecue rotation for the treatment of horizontal canalolithiasis was performed. All
subjects reported resolution of symptoms within one week.
Mann-Whitney U test on the number of treatments for either group horizontal canalithi-
asis and posterior canalithiasis shows no significant di↵erence (Mann Whitney U=
4508.500 , z=-0.337, p=0.736).
To determine whether there is a relationship between the peak SPV and number of
treatments, we divided the canalithiasis group into those who had a single treatment and
those who had two or more treatments. Since the data was not normally distributed for
posterior canal BPV or horizontal canalolithiasis we performed a logarithmic conversion
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in order to normalize the data. A between subjects 2x2 ANOVA using the number of
treatments and canal type as fixed factors and peak SPV as the dependent variable was
undertaken. On ANOVA comparison, there was no significant main e↵ect of the number
of treatments on peak SPV.
6.2 Horizontal Canal BPV
6.2.1 Canalolithiasis
Horizontal canalolithiasis was diagnosed by the presence of positional vertigo and parox-
ysmal positional nystagmus that was bidirectional and geotropic with either ear down.
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Figure 6.8: Comparison of left and right roll test in a subject with right horizontal canalolithiasis.
Testing the subject in the right roll position reveals a violent paroxysm of right beating nystagmus
with no latency and a high peak slow-phase velocity. The SPV had returned to baseline by 40 s.
The left roll test produces a paroxysm of nystagmus with almost no latency, a short duration and a
smaller peak SPV
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Spatiotemporal Characteristics
Upon performing a side-lying test with the a↵ected ear down, a paroxysm of horizontal
geotropic nystagmus was observed in all subjects. In 60% of patients we recorded an
immediate nystagmus onset. For the remaining 40% of patients the onset of the nys-
tagmus was within 5 sec of assuming the side-lying position. In contrast to posterior
canal BPV, none of the patients had a nystagmus onset latency longer than 5 sec with
the a↵ected ear down. On statistical comparison with the onset in posterior canal BPV
there was no significant di↵erence (Chi-square=0.263; p=0.608). SPV profiles plotted
as a function of time fitted to a fifth to seventh order polynomial curve.
0
10
20
30
0 1−5 >5
Onset (seconds)
Co
un
t
Classification
Contralateral
Ipsilateral
Figure 6.9: Onset categories for horizontal canalolithiasis
The nystagmus with the a↵ected ear down lasted between 9 and 48 seconds. For 50% of
patients, the duration was between 17.7 sec (lower quartile) and 29.3 sec (upper quartile)
with a median of 25.4 sec. The nystagmus duration for HC BPV was significantly
longer than that of PC BPV (median 13.4 sec) (Mann-Whitney U=1976.000, z=-4.384,
p<0.001).
Like the peak SPV of posterior canal BPV, the peak SPV of horizontal canalolithiasis
was positively skewed, ranging from 10.4 /sec to 331.27 /sec. For 50% of patients
the peak SPV were clustered between 23.3 /sec (lower quartile) and 114.0 /sec (upper
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quartile). The average peak SPV for horizontal canalolithiasis (median = 56.5 /sec)
was significantly higher than that of posterior canal BPV (median =30.1 /sec) (Mann-
Whitney U=2895.000, z=-3.802, p<0.001). The time taken to reach the maximum SPV
ranged from 0 to 15 seconds. The central 50% were clustered around 2 sec (lower
quartile) and 10 sec (upper quartile) median at 4 sec, there was no statistical significant
di↵erence in these latencies between posterior canal BPV and horizontal canalolithiasis
(Mann-Whitney U=2583.500, z=-0.970, p=0.332).
Upon positioning the patient with the una↵ected ear down, a less intense paroxysm
of nystagmus than with the a↵ected ear down was observed (see Figure 6.13). There
was no onset latency for 78.6% of patients when the una↵ected ear was lowermost. On
comparing these patients with those diagnosed with posterior canal BPV, the onset la-
tency was not significantly di↵erent (Chi-Square=2.209;p=0.137). The remaining 21.4%
of patients had an onset latency ranging from 0.6 to 1.2 seconds.
The nystagmus with the una↵ected ear down lasted between 4.8 and 82.1 seconds.
This was due to a single outlying value at 82.1 seconds. For 50% of patients, the du-
ration was 17.7 sec (lower quartile) and 35.4 sec (upper quartile); median 25 sec. The
duration of the nystagmus with the una↵ected ear down was significantly longer (Mann-
Whitney U=1728.500, z=-3.936, p=<0.001)than for patients with posterior canal BPV.
In contrast with the a↵ected ear down, the peak SPV ranging from 2.75 /sec to 75.5
 /sec, was less variable. For 50% of patients the peak SPV were clustered between
6.8 /sec (lower quartile) and 26.1 /sec (upper quartile). On comparison with poste-
rior canal BPV, the peak SPV in canalolithiasis with the una↵ected ear down (median
16.6 /sec) was significantly lower (Mann-Whitney U=2491.000, z=-4.262, p=<0.001).
The time taken to reach the maximum SPV ranged from 0 to 15 seconds. The central
50% were clustered around 3 sec (lower quartile) and 10 sec (upper quartile) median
at 5 sec, there was no statistical significant di↵erence in these latencies between pos-
terior canal BPV and horizontal canalolithiasis (Mann-Whitney U=2615.500, z=-0.868,
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p= 0.385). Twenty-seven patients had nystagmus in the supine position.Of those 20
patients had nystagmus beating towards the una↵ected ear (in agreement with the bow
and lean test) and 7 had nystagmus beating towards the a↵ected ear (i.e. contrary to
bow and lean test). Upon using the Wilcoxon signed rank test, the peak SPV with the
a↵ected ear down was significantly greater than with the una↵ected ear down (p<0.001).
On comparing prone with supine nystagmus there was no significant di↵erence in peak
SPV (p = 1.0).
Treatments
All Patients were treated with barbecue manoeuvre rotating towards the una↵ected
ear, aiming in to drain the otoliths ampullofugally into the vestibule. Twenty-eight
patients required only one treatment, seven patients required two treatment visits and
four patients required three or more treatments. None of these patients had ongoing
canalolithiasis or progressed to developing other forms of positional vertigo.
6.2.2 Cupulolithiasis
Ten Subjects had been diagnosed with horizontal cupulolithiasis based on persistent
positional vertigo and apogeotropic horizontal nystagmus in either roll test. No patient
reported associated aural symptoms, headaches or other neurological symptoms. All
patients were imaged to exclude a central cause.
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Figure 6.10: Comparison of left and right roll test in a subject with right horizontal cupulolithiasis.
Testing the subject with the una↵ected ear down produces a greater nystagmus velocity, than putting
the a↵ected side lowermost.
Spatiotemporal Characteristics
SPV profiles when plotted as a function of time and could be fitted to a 6th to 8th
order polynomial curve. Positioning the patient with the una↵ected ear down elicited
instantaneous nystagmus in nine patients. One patients onset latency was 0.9 sec. The
peak SPV ranged 8.9 /sec to 108.5 /sec (median: 47.5 /sec). The lower (25th per-
centile) and upper (75th percentile) quartiles were 24.7 /secand 78.7 /sec, respectively.
In seven of ten of patients diagnosed with cupulolithiasis when positioned with the af-
fected ear down nystagmus was observed immediately. In three patients the nystagmus
was observed within five seconds (1.1, 1.2 and 4.4 seconds). The average peak SPV
was 25.6 /sec (median) and ranged from 10.0 /sec to 45.1 /sec. For 50% of patients
the peak SPV were clustered between 17.4 /sec (lower quartile) and 37.4 /sec (upper
quartile). On paired Wilcoxon tests, the peak SPV with the a↵ected ear down was
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significantly lower than with the una↵ected ear down (p = 0.008)
All nine patients were diagnosed on the basis of Ewald’s law using SPV measures;
diagnosed on the basis of Ewald’s law by visual inspection of nystagmus. Seven had
clinically identifiable SPV asymmetry. Seven also fulfilled the bow and lean criteria. In
one patient, the converse of the bow and lean test was observed; in one patient the bow
and lean test was not performed.
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Figure 6.11: Onset categories for horizontal cupulolithiasis
Treatments
Patients diagnosed with horizontal cupulolithiasis were treated with high velocity 360
degree barbecue manoeuvres (in 90 degree steps) approaching the una↵ected ear. Mas-
toid vibration was applied to the identified a↵ected ear. One single treatment resolved
the symptoms of three patients, one patient was treated on 2 sessions, two on three ses-
sions, one on four sessions. Two patients underwent 7 treatments and one underwent a
total of 15 treatments. One additional patient was treated with repeated head shaking in
the yaw plane over the course of 8 hours and experienced complete resolutions of symp-
toms over the next week. While five patients reported complete symptom resolution,
three patients had partial symptom resolution with continuing positional nystagmus on
provocative testing. Two patients failed to improve after 15 and 7 treatments. Migraine
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prevention medication was tested on both patients without significant symptom improve-
ment. The sample size was too small to show evidence of any relationship between the
number of treatments required and the peak slow phase velocity
6.3 Anterior Canal BPV
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Figure 6.12: Nystagmus trace and slow phase velocity profile of anterior canal BPV showing the
classical down-beat nystagmus and the typical crescendo-decrescendo pattern.
Eight patients were diagnosed with anterior canal BPV based upon paroxysmal posi-
tional vertigo, observation of paroxysmal down-beating nystagmus which resolved after
treatment. Three subjects had torsional downbeat nystagmus ipsilateral to the a↵ected
ear, three contralateral to the a↵ected ear and three bilaterally. SPV profiles on 4 sub-
jects could be fitted to a fifth to seventh order polynomial curve. Two patients had post
traumatic BPV and two patients had been performing multiple home-Epley manoeuvres.
The average onset of the nystagmus in 4 patients was 0.77 sec ± 0.93 sec and lasted on
average for 27.82 sec ± 16.14 sec. The mean peak SPV of the vertical nystagmus was 11.6
 /sec ± 7.15 /sec. To treat BPV of the anterior canal, patients underwent 360 degree
forward somersaults in the plane of the a↵ected anterior canal. Six patients required
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H
Onset Duration peak SPV
S1 0 sec 15.5 sec 7 /sec
S2 0 sec 44.9 sec 22 /sec
S3 1.9 sec 38.2 sec 8 /sec
S4 1.2 sec 12.6 sec 8 /sec
Table 6.1: Spatiotemporal characteristics in anterior canal BPV
only one treatment, one each patient required two and three treatments.
Dix - Hallpike Anterior Canal (Nose Down)
Ipsilateral Contralateral Ipsilateral Contralateral
S1 Right tor. DBN Right tor. DBN - -
S2 - Right tor. DBN (not tested) (not tested)
S3 - Left tor. DBN DBN (not tested)
S4 Right tor. DBN Right tor. DBN Right tor. DBN (not tested)
S5 Right tor. DBN Right tor. DBN Right tor. DBN (not tested)
S6 - Left tor. DBN - -
S7 Right tor. UBN Right tor. DBN - -
Table 6.2: Outlining the findings of provocative testing tor = torsional; DBN = down beat nystagmus;
UPN = up beat nystagmus
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6.3.1 Positional vertigo with atypical direction changing horizontal
nystagmus
Twenty-four subjects with positional vertigo and horizontal direction changing posi-
tional nystagmus were diagnosed with disorders other than BPV. These diagnoses were
reached on the basis of a) absence of typical paroxysmal positional nystagmus indica-
tive of canalolithiasis, presence of persistent positional nystagmus and prolonged posi-
tional vertigo during an examination performed on a symptomatic day b) No history
of previous re- current BPV to imply cupulolithiasis c) history, examination findings
and vestibular function tests indicative of an alternate cause for positional vertigo such
as vestibular migraine, endolymphatic hydrops, vestibular schwannoma, unilateral or
bilateral vestibulopathy.
Spatiotemporal Characteristics of Vestibular Migraine with Horizontal positional
nystagmus
According to the Neuhauser criteria [138, 139], thirteen patients were diagnosed with
vestibular migraine (VM) (3 clinically definite and 10 clinically probable). The aver-
age SPV on either roll test was symmetrical (peak SPV 12.9 /sec ± 8.1 /sec on left
vs. 14.6 /sec ±10.9 /sec on right, asymmetry ratios 30.9 ± 24.4 range 0.07-68.9%).
Unlike the crescendo-decrescendo SPV profile observed in horizontal canalolithiasis, the
SPV profile of most migraineurs was flat (see Figure 6.13). At 40 seconds from onset,
the average SPV had declined to 61% of its peak value. One subject, whose nystag-
mus profile is illustrated in Figure 6.14, was tested ictally. Five of the VM patients
had geotropic horizontal nystagmus. Twelve subjects had apogeotropic nystagmus. All
patients experienced symptom resolution after initiation of migraine prophylaxis.
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Figure 6.13: The slow-phase velocity profiles of horizontal canalolithiasis, and cupulolithiasis and
vestibular migraine. The bar charts compare average peak SPV and the % SPV at 40 sec for all
three conditions. The SPV of canalolithiasis show the crescendo–decrescendo velocity profiles and
marked asymmetry with a↵ected and una↵ected ears down. Cupulolithiasis shows a variable SPV
profile with a slower decay of SPV than for canalolithiasis. A majority of subjects diagnosed with
VM, had symmetrical, flat SPVs with either ear down.
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6.3.2 Miscellaneous vestibular disorders with horizontal positional
nystagmus
Two patients had clinically definite Me´nie`re’s Disease (MD). Both had apogeotropic
horizontal nystagmus. In one patient, the peak SPV was symmetrical (4.6 /sec left
vs. 5.3 /sec right), whereas for the second patient it was asymmetrical on the roll
test (19.6 /sec right ear down vs. 7.6 /sec left ear down) One subject, who had apo-
geotropic nystagmus (R ear down: peak SPV 32 /sec < L ear down: peak SPV 3 /sec)
was found to have a right sided vestibular Schwannoma with impaired audio-vestibular
function on the right side. His vertigo was mild, unresponsive to barbecue manoeuvres,
lasted several months and abated spontaneously, leaving residual asymptomatic posi-
tional nystagmus. Two patients with unilateral vestibulopathy of uncertain origin had
low velocity apogeotropic horizontal nystagmus. One patient with otosclerosis and a
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Figure 6.14: In a subject with clinically definite VM the left and right roll test revealed persistent
geotropic horizontal nystagmus with equally flat SPV profiles with either ear down. The peak SPV
were 13.0 /secand 21.0 /secwith the left and right ears down.
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left vestibulopathy had geotropic nystagmus with symmetrical SPV. One subject with
ANCA positive autoimmune inner ear disease with bilateral vestibular hypofunction, as
indicated with absent caloric responses, positive video Head Impulse Test (vHIT) and
absent vestibulo ocular responses to sinusoidal rotation, had persistent geotropic hori-
zontal nystagmus with either ear down. The vestibular function test results of all the
above patients are summarized in Table 6.3.
As shown in Figure 6.13 the SPV profiles were strikingly di↵erent for vestibular mi-
graine when compared with horizontal canalolithiasis. Vestibular migraine was charac-
terized by a nearly flat SPV profile that could be easily separated from canalolithiasis. In
contrast, separation of vestibular migraine from cupulolithiasis was not possible, using
the SPV profiles. To help separate canalolithiasis from cupulolithiasis and vestibular
migraine, we used a measure of the decline of SPV. The SPV at 40 seconds from nystag-
mus onset was expressed as % of the peak SPV. In canalolithiasis the nystagmus SPV
on the a↵ected side had declined to 1.8% of the peak and on the una↵ected side to 6.2%.
In cupulolithiasis the nystagmus had declined to 65.9% and 81% on the a↵ected and
una↵ected side, respectively. In vestibular migraine the SPV decreased to 63% with the
left ear down and 61% with the right ear down.
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Ca 69 10 y 1 d p M n n n n nd n y n y n g 95.9 34.5 nd nd nd nd nd
Ca 41 15 y 3 d p n n n n n n n y n y n g 122.3 17.1 -20% 1.0 0.3 nor nd
Ca 59 1 y 6 m p n n y n n n - y y y y g 16.9 3.2 8% -3.4 0.5 nor nd
Ca 37 2 y 2 m p n n n n n n y y y y n g 147.0 12.1 -56% nd nd nd nd
Ca 74 18 y 2 m p M n y n n n y y n y n g 32.4 6.4 -46 -4.0 1.7 nd nd
Ca 75 4 m 3 m p,s n n n n n nd n y n y n g 77.7 27.0 11% 1.4 1.0 nd nd
Ca 83 y p n n y n n n n y n y n g 79.3 22.8 50% nd nd nd nd
Ca* 76 7 y d p,s n n n hl n y u n y y y n g 195.5 19.0 60% nd nd abn abn
Ca 60 7 y d p,s M n n n n n n y n y n g 157.2 32.4 -16% 1.6 0.9 nd nd
Ca 95 2 y d p n n n n n y a y n y n g 41.5 40.2 nd nd nd nd nd
Ca 81 7 y d p n n n n n y b n y n y n g 137.7 25.0 -10% nd nd nd nd
Ca 48 d d p n n n n n n n y n y n g 320.0 26.0 -2% nd nd nd nd
Ca 67 10 y 1 m p M n n n n y u n y n y n g 26.0 17.8 13% -1.48 0.32 abn nd
Ca 67 12 m 12 m p n n n n n n n y n y n g 31.9 2.7 nd nd nd nd nd
Ca 78 4 y d p n n n T, HL n y u n y y y n g 23.6 nd nd nd nd nor
Ca 89 3 y d p n n n n n n n y n y n g 99.1 10.2 nd nd nd nd nd
Ca 49 1 y d p M y y n n n n y y n n g 58.7 26.2 nd nd nd nd nd
Ca 16 6 m 6 m p M n y n n n n y n n n g 121.7 6.2 nd nd nd nd nd
Ca 35 3 m d p M y n n n n n y n y n g 22.5 5.5 nd nd nd nd nd
Ca 78 4 y d p M n y r F r H n y y y y n g 0.0 34.8 21% 3.7 1.0 nor abn
Ca 85 15 y d p n n n n n n n y n y n g 86.1 27% 1.0 1.6 nor nd
Ca 70 25 y 3 w p n n n n n n n y n y n g 96.4 16.9 nd nd nd nd nd
Ca 89 10 y 9 m p n n n n n n n y n y n g 21.0 6.8 -10% nd nd abn nd
Ca 55 9 m 2 m p M y y n n n n y n n n g 38.2 3.5 5% -0.5 1.3 nor nd
Ca 19 1 y d p n n n n n n n y n y y g 15.1 75.6 15% nd nd nor nd
Ca 84 4 m 1 m p n n n n n n n y n y n g 69.7 13.8 5% nd nd nd nd
Ca 59 1 y d p n n n n n n n y n y n g 54.3 17.2 nd nd nd nd nd
Ca 69 1 y d p n n n n n n n y n y y g 112.9 39.0 nd nd nd nd nd
Ca 65 4 y d p M y n n n n n y y y n g 14.6 4.3 nd nd nd nor nor
Ca 69 3 y d p M, T y n n n n n y y y y g 7.6 3.5 nd nd nd nor nd
Ca 65 5 y d p n n y n n n n y n y n g 12.9 7.8 11% -0.5 2.6 nor nd
Cu 68 4 y 4 y p M n n n n n y i n n n a 18.0 74.8 47% 2.9 0.5 nor nd
Cu 86 15 y m p T n n n n b HFHL n n n y n a 15.8 25.8 -10% nd nd nd nor
Cu 47 w w p n n n n n n n y n n n a 10.0 21.7 -24% -1.2 0.7 nor nor
Cu 62 d d p n n n n n n n i n n n a 27.8 108.5 47% 2.2 0.5 nor nd
Cu 47 5 y w p M n n n n n r HSN UNT i n n n a 43.7 90.8 -20% nd nd nd nd
Cu 51 3 y d p M n n n n n n y n y n a 19.0 46.6 1% nd nd nd nd
Cu 87 12 y m p n n n n n b SNHL UNT i n y n a 32.4 54.8 -76% 2.8 1.1 nor nd
Cu 78 3 y 4 m p n n n n n n n n n y n a 45.1 48.4 nd nd nd nd nd
Cu 72 y p n n y n n l SNHL b HIT i n n n a 27.9 16.4 100% -1.7 1.7 abn abn
CDMD 48 2 m d p,s M n n F, HL n r SNHL l HSN n y n n a 19.6 7.7 53% -0.9 0.6 nor nd
CDMD 72 2 y 3 m p,s n n n T, HL h r SNHL l HSN n n y n a 16.5 5.3 -4% 1.6 1.0 nor nor
VS 61 1 w 1 w p n n n T, HL n r SNHL UNT n n n n a 3.2 31.7 56% 1.2 0.7 nor nor
UVL 80 18 m 18 m s n n nd nd r  h b HFHL r HSN nd nd nd n a 15.5 7.2 46% 1.5 0.9 nd nd
UVL 52 2 y 1 w p,s n n n n l h n l HSN, r UNT n y n n a 8.2 2 26% nd nd nd nd
BVF 32 11 m 2 m p M n n n n n n n n n n a 5.5 9.7 6% -2.6 0.7 nor abn
OTO 65 24 y 2 m p n n y n n n l HSN n n n s g 18.4 15 -44% 1.1 0.6 nd nd
CDVM 47 13 y 10 m p M y y n n n l HSN n n n n g 8.9 7.2 4% 1.4 0.3 nor nd
CDVM 70 4 m 1 m p M n y n n n n n n n n a 10.7 12 nd nd nd nd nor
CDVM 58 5 m 1 d p,s M y n n l h n n n y n n g 13 20.8 5% 2.1 0.7 nor nor
CPVM 77 2 y p,s M y y l F n n n n n n n a 32.5 26.6 nd nd nd nd nd
CPVM 67 20 y 3 m p M y y n n n n n n n n g 7.7 18.9 10% -0.4 0.5 nor nd
CPVM 57 y h p M n n b T n n r UNT n n n n a 4.9 7.9 -40% 0.5 0.5 nor nd
CPVM 48 10 y d p M y n n n n n n n n n g 7.6 10.5 26% 2.4 1.0 nd nd
CPVM 76 15 y d p M y y n n n n n n n n a 10.2 9.4 nd nd nd nd nd
CPVM 69 3 d 3 d p n n n n l h n l HSN l UNT n n n n g 23 18.4 nd nd nd abn nd
CPVM 66 4 m 4 m p,s M n n n n n r HSN n n n n a 21.5 5.1 42% 0.7 0.7 nor nd
CPVM 73 10 y 10 y p M n n n n n n n n n n a 9.9 26.9 nd nd nd nor nd
CPVM 74 20 y d p M y y n n n n n n n n a 4.9 21.6 9% nd nd nd nd
CPVM 72 8 y d p M n y n n n n n y n n a 9.2 45.7 18% -0.8 1.8 nor nd
d-25 y h-18 m
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Table 6.3: Summary of vestibular function tests: Diagnosis: Ca – Canalolithiasis, Cu – Cupulolithi-
asis, CDMD – clinically definite Me´nie`re’s Disease, CPMD – clinically probable Me´nie`re’s Disease,
CDVM – clinically definite Vestibular Migraine, CPVM – clinically probable Vestibular Migraine,
UVL – unilateral vestibular loss, BVL – bilateral vestibular loss, VS – vestibular Schwannoma, Oto
– otosclerosis, Directions: r – right, l – left, b – bilateral, Duration: y – years, m – months, w
– weeks, d – days, Vertigo Character: s – spontaneous, p – positional, Headache type: M – Mi-
graine Headache, T– Tension Headache; Aura, Motion sensitivity: y – yes, n – no, Associated Aural
Symptoms: F - Fullness, T – Tinnitus, HL – Hearing loss, Direction of spontaneous Nystagmus: h
– horizontal, v– vertical, t – torsional, Hearing loss on audiometry: SNH – sensory neural hearing
loss, HFHL – high frequency hearing loss, F – flat hearing loss, a – age-related, u – unilateral, y
– yes, n – no, Unilateral vestibular signs: HIT – Headimpulse test, UNT – Unterberger test, HSN
– Headshaking nystagmus, Resolution with Manoeuvres; i - incomplete, Previous spontaneous nys-
tagmus, Previous or subsequent BPV, Trauma: y – yes, n – no, s – surgery; Nystagmus Type: a
– apogeotropic, g – geotropic; Test results: pSPV - peak Slow phase velocity, CP – Canalparesis
in percentage on Caloric testing negative value indicating left, SVH– Subjective visual Horizontal,
cVEMP – cervical vestibular evoked potentials: nor – normal, abn – abnormal, vHIT – Video Head
impulse test: nor – normal, abn – abnormal (gains below 0.8 were considered abnormal); Nd - not
done; * - intratympanic gentamicin injection in right ear.
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In this thesis we have examined the slow phase velocity profiles of benign paroxysmal
positional nystagmus recorded from 281 subjects tested on the Epley Omniax. Although
the patient group was recruited from a clinic dedicated to “intractable BPV” the rela-
tive proportions of posterior, horizontal and anterior canal BPV were similar to those
reported by earlier authors [81, 63, 64]. Nearly all subjects diagnosed with BPV from
whom an eye position trace could be obtained demonstrated a crescendo-decrescendo
slow phase velocity profile that has come to be recognized as the hallmark of canalithi-
asis.
A large majority of our subjects (64%) with posterior canal BPV in contrast to earlier
descriptions from bedside studies did not have a clinically detectable latency to nystag-
mus onset (<0.5 seconds). We attribute this to the higher velocity at which the subjects
may have been lowered to the Hallpike position (24 /sec) in comparison with manual
testing or the impact of sudden deceleration of the rotator upon reaching the target
position. Despite this, 10% of our subjects had latencies ranging between 5-26 seconds.
While these observations indicate that 90% of subjects will demonstrate a positive test
within the first 5 seconds after assuming the Hallpike position, to capture the minority
who demonstrate a delayed onset of BPN, the subject should be maintained for 30
seconds in the Hallpike position. For bedside testing, these durations may need to be
further prolonged. For a majority of subjects, the paroxysm of nystagmus had ended
by 30 seconds. However in a single subject, it extended to 85 seconds. In subjects
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with prolonged up beating positional nystagmus most commonly observed in vestibular
migraine [140] it may therefore be necessary to maintain the Hallpike position for <60
seconds to confirm the non paroxysmal nature of positional nystagmus. The peak slow
phase velocities for PC BPV in this study (median 30.1 degrees/sec) were lower than
those of HC BPV (56.5 degrees/sec). In keeping with this, the severity of symptoms was
less for PC BPV su↵erers. In this large group of five hundred subjects with PC BPV,
we did not encounter any subjects with posterior canal cupulolithiasis. There are only
a few reports of PC cupulolithiasis in the literature [141, 142]. These authors reported
persistent up beating torsional geotropic nystagmus (lasting <1 minute) when supine,
down beating torsional apogeotropic nystagmus, when pitched 180 degree forward from
the Dix-Hallpike position, with a null point when the PC cupula is aligned with gravity.
Although we did encounter patients with prolonged up beating torsional geotropic nys-
tagmus, these patients were responsive to backward somersaults similar to those used
for patients with short duration nystagmus.
As described by previous investigators, horizontal canalolithiasis produced a violent
paroxysm of geotropic nystagmus when tested with the a↵ected ear down. The onset
latency though shorter than that reported in clinical studies of PC BPV, was no di↵erent
when compared with the onset recorded for the posterior canal on the Omniax. The
duration of the paroxysm was significantly longer for the horizontal canal than the pos-
terior canal recorded on the Omniax and the durations described in the literature [143].
Testing the una↵ected side revealed a paroxysm of nystagmus with similar SPV profiles
but lower peak amplitudes. The wide range of peak SPVs recorded in both posterior
canal and horizontal canal BPV in this study probably represents many factors influenc-
ing nystagmus velocity including the volume of otoconia, the endolymph viscosity and
the order testing. We demonstrated that nearly all subjects diagnosed with horizontal
canalolithiasis obeyed Ewald’s law. Lower rates of accuracy were obtained for the “bow
and lean” test may be explained by the sequence in which we conducted tests. Since
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subjects always underwent roll tests before supine or prone testing, it is possible that
the starting position of the otoconia was not the lowest part of the duct of the horizontal
canal.
We had only eight subjects with anterior canal BPV, some of whom probably dis-
lodged otoconia into the anterior canal from the posterior canal by self treatment. The
SPV profile of AC BPV like the other two types, was also crescendo decrescendo and
nystagmus duration was brief. These factors should help separate AC BPV from parox-
ysmal down beating nystagmus of central origin. Paroxysmal down beat nystagmus that
is unresponsive to appropriate treatment for AC BPV merits imaging to exclude a pos-
terior fossa mass, as evidenced by our patient presenting with paroxysmal DBN and a
superior cerebellar peduncle neoplasm.
In horizontal cupulolithiasis, the SPV profile of the nystagmus with the una↵ected
ear down showed a smaller peak than for canalolithiasis and had not decayed to zero
at 40 seconds. On average, rolling to the una↵ected side elicited nystagmus with a
peak SPV double that recorded rolling to the a↵ected ear down. Although we would
have expected the latency to nystagmus onset to be shortest for cupulolithiasis, onset
latencies for canalolithiasis were so short that it was not possible to elicit a meaningful
latency di↵erence within the resolution of our methods. The short and relatively sym-
metrical onset latencies recorded in the a↵ected and una↵ected ears in canalolithiasis
implies a more rapid movement of the otoconia in the horizontal canals compared to
the posterior canals in response to provocative testing. In this thesis we compared three
distinct groups presenting with horizontal positional nystagmus and vertigo. Geotropic
horizontal nystagmus was recorded from subjects with both horizontal canalolithiasis
and vestibular migraine. Horizontal positional nystagmus accompanying canalolithiasis
had a distinctive velocity profile that enabled its recognition: a crescendo-decrescendo
SPV and its rapid decline by 60 seconds separated canalolithiasis from central positional
nystagmus. Additionally, the peak SPV was higher for canalolithiasis. Subjects with
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geotropic horizontal nystagmus, diagnosed with vestibular migraine had more symmet-
rical SPVs, with lower velocities and persistent positional nystagmus.
Our group with atypical positional nystagmus were heterogeneous. Those with vestibu-
lar migraine overall, had symmetrical, persistent, low velocity nystagmus that easily
separated them from canalolithiasis when they presented with geotropic positional nys-
tagmus. In contrast the SPV profiles of vestibular migraine and horizontal cupulolithiasis
were strikingly similar. Although the average SPV were lower for vestibular migraine,
there was too much over- lap between the peak SPV of cupulolithiasis and vestibular
migraine to enable their e↵ective separation. Several previous authors have reported hor-
izontal positional nystagmus as a physical finding in subjects with vestibular migraine.
Polensk and Tusa [127] found 100% of patients with acute vestibular migraine had posi-
tional nystagmus and that horizontal positional nystagmus had the highest prevalence.
Von Brevern et al. (2004) [140] reported both geotropic and apogeotropic horizontal po-
sitional nystagmus and vertigo presenting in association with acute vestibular migraine.
Roberts, Gans and Kastner (2006) [144] reported a patient with positional vertigo and
apogeotropic horizontal nystagmus that was refractory to repositioning manoeuvres who
subsequently developed migraine headaches and experienced symptom resolution upon
treatment with migraine preventative therapy. Of the patients within the vestibular
migraine group, only three fulfilled the criteria for clinically definite vestibular migraine.
Two subjects within the cupulolithiasis group had a past history of migraine. While the
classification of these subjects was influenced by their response to migraine preventative
therapy vs. repositioning manoeuvres, this study highlights the uncertainties surround-
ing the classification of the patient with persistent apogeotropic positional nystagmus.
Could the presence of cupulolithiasis have triggered secondary migraines? Alternately,
could the presence of migraines have resulted in intractable cupulolithiasis? Further ictal
studies in clinically definite vestibular migraine are required to definitively resolve these
questions.
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Thus far, apogeotropic horizontal positional nystagmus has not been described in
subjects with endolymphatic hydrops. Early descriptions of ictal nystagmography in
Me´nie`re’s Disease report direction changing geotropic positional nystagmus in 25% of
recordings [134]. Bergenius et al., reported persistent geotropic positional nystagmus in
6 vertigo su↵erers; they attributed the nystagmus to a “light cupula” resulting from al-
tered homeostasis of proteoglycans synthesized by the cupulae [136]. Both geotropic and
apogeotropic horizontal nystagmus are also observed during the “resorption” and “re-
duction” phase of positional alcohol nystagmus (PAN I and II) when alcohol first di↵uses
into the cupula making it lighter than endolymph, then leaves the cupula in advance of
the endolymph resulting in a relatively heavy cupula [123, 122]. Whether some stages of
Me´nie`re’s Disease are associated with changes in endolymph specific gravity resulting in
derangement of the neutral buoyancy of the cupula remains to be proven. One patient
with Me´nie`re’s Disease and apogeotropic nystagmus had more intense nystagmus with
the a↵ected ear down. This finding however is contrary to what is expected with a heavy
cupula, where a more intense nystagmus is observed with the una↵ected ear down. Our
observations and those of previous authors indicate that apogeotropic horizontal posi-
tional nystagmus should raise a wide range of di↵erentials including central positional
nystagmus from nodular lesions [145, 146] or vestibular migraine, endolymphatic hydrops
and even vestibular schwannoma [147, 148].
7.1 Conclusion
Positional vertigo is a common symptom encountered in the emergency room, general
practice and outpatient clinic. When positional vertigo is attributable to canalithiasis,
it is highly likely to be e↵ectively treatable without access to special skills or equipment.
The key observations of this thesis are that nystagmus arising from canalithiasis of any
one of the three canals have the same temporal characteristics: a highly variable onset la-
tency, a rise and fall configuration and a decline to baseline by 60 seconds. The latter two
77
7 Discussion and Conclusion
findings should be sought before labelling positional vertigo as BPV. When positional
nystagmus is horizontal, if it is indeed BPV, direction changing horizontal positional
nystagmus has to be demonstrated. However, the aetiology of horizontal positional nys-
tagmus can be diverse. The nystagmus direction (whether geotropic or apogeotropic),
SPV profile and symmetry of peak SPV are helpful in separating canalolithiasis, cupu-
lolithiasis and atypical nystagmus secondary to other vestibular disorders. Although not
commonly used in clinical practice, recording the slow-phase velocity pro- file of nystag-
mus may be useful in subjects with positional vertigo that is refractory to conventional
bedside treatments. Vertigo a↵ects 1 million Australians each year. On a worldwide
scale, BPV is the most common and correctable cause of vertigo. Its treatment is within
the capability of any medical practitioner, speciality nurse, physical therapist and audi-
ologist.
Although the studies that contributed to this thesis were conducted on a mechanical
device with limited access, our findings are widely applicable to BPV in general. Easy
identification of all forms of canalithiasis by their velocity profile and accurate separation
of typical BPV from atypical central and peripheral positional nystagmus will facilitate
e↵ective treatment of positional vertigo.
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Abstract Direction changing horizontal positional nys-
tagmus can be observed in a variety of central and
peripheral vestibular disorders. We tested sixty subjects
with horizontal positional nystagmus and vertigo on the
Epley Omniax" rotator. Monocular video recordings were
performed with the right or left ear down, in the supine and
prone positions. Nystagmus slow-phase velocity (SPV) was
plotted as a function of time. Thirty-one subjects diagnosed
with horizontal canalolithiasis had paroxysmal horizontal
geotropic nystagmus with the affected ear down (onset
0.8 ± 1 s, range 0–4.9 s, duration 11.7–47.9 s, peak SPV
79 ± 67#/s). The SPV peaked at 5–20 s and declined to 0
by 60 s; at 40 s from onset, the average SPV was 1.8 % of
the peak. Nine subjects diagnosed with cupulolithiasis had
persistent apogeotropic horizontal nystagmus (onset
0.7 ± 1.4 s, range 0–4.3 s). Peak SPV was 54.2 ± 31.8#/s
and 26.6 ± 12.2#/s with unaffected and affected ears
down, respectively. At 40 s, the average SPV had decayed
to only 81 % (unaffected ear down) and 65 % (affected ear
down) of the peak. Twenty subjects were diagnosed with
disorders other than benign positional vertigo (BPV)
[vestibular migraine (VM), Me´nie`re’s Disease, vestibular
schwannoma, unilateral or bilateral peripheral vestibular
loss]. Subjects with VM (n = 13) had persistent geotropic
or apogeotropic horizontal nystagmus. On average, at
40 s from nystagmus onset, the SPV was 61 % of the peak.
Two patients with Me´nie`re’s Disease had persistent apo-
geotropic horizontal nystagmus; the peak SPV at 40 s
ranged between 28.6 and 49.5 % of the peak. Symptomatic
horizontal positional nystagmus can be observed in ca-
nalolithiasis, cupulolithiasis and diverse central and
peripheral vestibulopathies; its temporal and intensity
profile could be helpful in the separation of these entities.
Keywords Canalithiasis ! Cupulolithiasis ! Horizontal
canal ! Vestibular migraine ! BPV
Introduction
Benign positional vertigo (BPV) is a common and cor-
rectable cause of episodic vertigo triggered by otoconia
dislodged from the otolith membranes of the utricle into the
semicircular canals. Movement of otoconia activates
semicircular canal (SCC) receptors and produces a unique
pattern of nystagmus that is specific to the affected canal
[1, 2]. BPV can result from canalolithiasis where the oto-
conia are freely floating in the duct of the semicircular
canal or cupulolithiasis where the otoconia are adherent to
the cupula. Typically, a patient with canalolithiasis will
experience a paroxysm of vertigo which is induced by
head-tilt and resolves rapidly. In contrast, cupulolithiasis is
characterized by persistent vertigo and nystagmus which
does not subside until the patient moves away from the
provocative position [3]. BPV most commonly affects the
posterior canal, accounting for 60–90 % of patients; hori-
zontal canal BPV is less common and accounts for 5–30 %
of all patients [4],while anterior canal BPV is exceedingly
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rare, accounting for only 1–2.3 % [5, 6]. Typically, hori-
zontal canalolithiasis is characterized by horizontal nys-
tagmus beating towards the ground (geotropic nystagmus)
with either ear down. Cupulolithiasis of the horizontal
canal is typified by horizontal nystagmus beating away
from the ground towards the uppermost ear (apogeotropic
nystagmus). As dictated by Ewald’s law, ampullopetal flow
of endolymph in the lateral canal (excitation) evokes a
stronger response than an ampullofugal flow (inhibition);
therefore, canalolithiasis is expected to produce more
pronounced nystagmus with the affected ear down and
cupulolithiasis to produce more intense nystagmus when
the unaffected ear is lowermost. Previous investigators
have suggested additional methods to lateralize horizontal
canal BPV [7–9]. The ‘‘bow and lean test’’ compares the
direction of nystagmus upon leaning forwards with arching
backwards; typically, canalolithiasis is reported to evoke
nystagmus beating to the unaffected ear upon leaning
backwards and towards the affected ear upon bowing for-
wards and the converse is reported in cupulolithiasis [4,
10]. ‘‘Pseudo spontaneous nystagmus’’ (PSN) refers to
nystagmus observed in the upright position, which is not
due to a fixed unilateral vestibular loss and is attributed to
minor ampullofugal flow of otoconia. When the patient sits
upright, PSN beats towards the healthy side, as does supine
nystagmus in canalolithiasis [11].
Analysis and comparison of the spatiotemporal charac-
teristics of horizontal positional nystagmus observed in
BPV, other peripheral and central vestibular disorders has
not been undertaken thus far. Here we report the nystagmus
patterns of 60 patients who were found to have horizontal
positional nystagmus and positional vertigo when assessed
on the Epley Omniax" rotator. We sought to compare the
characteristics of positional nystagmus found in canalo-
lithiasis, cupulolithiasis and disorders other than BPV.
Methods
Between January 2009 and January 2013, 60 patients (47
women and 13 men) aged 64.5 ± 16.8 years (range 16–95)
presenting with positional vertigo and horizontal positional
nystagmus were recruited from a clinic dedicated to the
investigation and treatment of ‘‘intractable BPV’’. All
patients were symptomatic at the time of examination and
their chief complaint was positional vertigo. Referrals were
received from neurologists and otolaryngologists. Patients
with asymptomatic positional nystagmus were excluded.
All patients gave informed consent to testing and were
studied with local ethics committee approval. A history
was elicited from all patients and a neuro-otological
assessment was performed. Assessment on the Epley
Omniax" rotator (Vesticon, Portland, Oregon, USA)
included Dix Hallpike tests, and side-lying tests during
which the subject was rolled from supine to the right ear
down or from supine to the left ear down positions. A
majority of subjects were tested in the nose up (supine) and
nose down (prone) positions as well. When horizontal
canal BPV was diagnosed, upon identification of the
affected ear, all subjects were treated with 360# rotations to
the unaffected ear in 90# steps. Patients with a history of
motion sensitivity were pre-medicated with intramuscular
prochloperazine (12.5 mg) and sublingual ondansetron
(8 mg). Following treatment, patients were instructed to
sleep exclusively on the unaffected side for 1 week and
contact the clinic for an update on the status of their
symptoms.
The Epley Omniax" rotator, a motorized chair with real
time video oculography was used for assessment and
treatment. The chair is mounted on a two-axis rotator that
allows alignment of the patient in the plane of any given
canal. Eye position was recorded using an infrared video
camera with a frame rate of 30 Hz [6]. All testing was
conducted (in the dark) with visual fixation removed. For
all subjects testing began in the sitting up position with
recording of spontaneous nystagmus; afterwards, the sub-
ject was lowered to the supine position then rolled to the
left or right ear down position, depending on which one
was more symptomatic. For each position tested, video
recordings began when the chair reached the target posi-
tion; therefore, we treated recording onset as time = 0.
Three subjects whose eye movement recordings were not
analysable due to repeated blinking were excluded. One
subject who had nonspecific positional disequilibrium and
horizontal positional nystagmus, whose diagnosis was
uncertain, was also excluded.
Subjects diagnosed with horizontal canal BPV were sub-
classified into groups with geotropic horizontal nystagmus
(canalolithiasis) or apogeotropic nystagmus (cupulolithia-
sis). A further group of patients with horizontal positional
nystagmus and positional vertigo not attributed to BPV
were also characterized. Video data from the Epley Om-
niax" rotator were extracted and stored as .avi files. The
onset, offset and duration of nystagmus was measured
when clearly visible and uninterrupted by blinks. Custom
made LabVIEW" pupil tracking software (written by HM
and CT) was used to measure the horizontal and vertical
slow-phase velocities (SPV). Since all patients recruited for
this study had predominately horizontal positional nystag-
mus with less intense vertical components, we only ana-
lysed nystagmus characteristics in the horizontal plane. The
gradient of these lines was used to calculate the slow-phase
velocities for the entire recording. The asymmetry ratio of
the peak SPV for the affected and unaffected ear was
calculated with the Jongkees’ formula. A polynomial curve
was fitted to the velocity trace and the peak of this curve
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was detected. The order of the curve fit was adjusted
manually (fifth–eighth order) to maximise the accuracy of
the fit. Peak slow-phase velocities for the roll test (affected
vs. unaffected ear down) were statistically compared using
Wilcoxon’s paired test. Descriptive statistics are expressed
as the mean ± SD and range.
Results
Characteristics of horizontal canalolithiasis
Thirty-one subjects were diagnosed with horizontal ca-
nalolithiasis based on (a) the presence of short-lived spells
of positional vertigo (\1 min) and paroxysmal positional
nystagmus, which was geotropic and changed direction
with either ear down, and (b) complete symptom resolution
in response to barbecue manoevures.
In all subjects, upon lying with the affected ear down, a
paroxysm of horizontal nystagmus was observed almost
immediately (average onset latency = 0.8 ± 1.1 s based
on 27 subjects) and lasted between 11.7 and 47.9 s
(n = 26). The SPV when plotted as a function of time
could be fitted into a fifth–seventh order polynomial curve
(Fig. 1) which peaked between 5–20 s of the onset and had
always declined to zero by 60 s (range of nystagmus
duration: 11.7–47.9 s). At 40 s from onset, the average
SPV was 1.8 % of the peak (Fig. 2a). Only four patients
had nystagmus at 40 s (SPV range at 40 s: 3.9–17.7#/s).
The average peak SPV was 79.2 ± 67.0#/s (range
12.9–320.0#/s). Upon lying the subject on the unaffected
side, a less intense paroxysm of horizontal nystagmus with
a similar profile was observed (peak SPV 19.3 ± 15.8#/s;
range 2.7–40.2#/s). The asymmetry ratio of the peak SPV
was 54.4 ± 32.5 % (range 1.5–90.2 %).
Twenty-nine patients had their eye movements recorded
in the supine position during the course of testing. Twenty-
seven subjects had supine nystagmus (average peak SPV
20.2 ± 21.6#/s), two had no recordable nystagmus. Of the
27 demonstrating nystagmus in the supine position, 20 had
horizontal nystagmus beating to the unaffected ear but
seven had horizontal nystagmus beating to the affected ear.
(i.e. contrary to bow and lean criteria). Ten of 13 subjects
tested in the prone position had horizontal nystagmus with
an average peak SPV of 30.1 ± 35.2#/s and three had no
recordable nystagmus. Seven had nystagmus beating to the
affected ear and three patients had nystagmus beating to the
unaffected ear.
Twenty-nine patients were diagnosed on the basis of
Ewald’s law where the side with more vigorous nystagmus
on visual inspection was considered to be the affected side.
In three patients, the nystagmus appeared symmetrical;
therefore, the affected side was determined by the direction
of the supine nystagmus alone. Eighteen of the 27 patients
in whom supine and/or prone nystagmus was sought, also
fulfilled the bow and lean criteria. Upon using the Wilcoxon
signed rank test, the peak SPV with the affected ear down
was significantly greater than with the unaffected ear down
(p\ 0.001). On comparing prone with supine nystagmus
there was no significant difference in peak SPV (p = 1.0).
All patients were treated with barbecue manoeuvres
towards the unaffected ear, aimed at shifting the canaliths
ampullofugaly. Repeat treatment was only offered when
the symptoms persisted 1 week after repositioning.
Twenty-one patients were successfully treated with one
treatment only; seven patients were treated with two ses-
sions; four patients required up to four treatments for
horizontal canalolithiasis. All patients were given the
contact details of the clinic and instructed to make a phone
call at the end of 1 week in the event of persistent symp-
toms. During a 4-year period, five patients had recurrences
of BPV in another canal, three patients had recurrences of
BPV in the same canal.
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Fig. 1 Comparison of left and right roll test in a subject with right-
sided horizontal canalolithiasis. Testing the subject in the right roll
position reveals a violent paroxysm of right beating nystagmus with
no latency and a high peak slow-phase velocity. The SPV had
returned to baseline by 40 s. The left roll test produces a paroxysm of
nystagmus with almost no latency, a short duration and a smaller peak
SPV
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Reversal of geotropic to apogeotropic nystagmus
Eleven patients, upon completion of one or more barbecue
manoeuvres, demonstrated reversal of the direction of
horizontal nystagmus from the geotropic to the apogeo-
tropic form. This finding was attributed to the canaliths
entering the short arm of the horizontal canal; therefore,
treatments were ceased and the subjects were instructed to
sleep on the unaffected side for *1 week and reassessed
either by a follow-up appointment or phone consultation to
ensure the symptoms had abated. The high frequency of
conversion from geotropic to apogeotropic was attributed
to the multiple barbecue manoeuvres performed on any
given subject. None of these subjects had ongoing posi-
tional vertigo after 1 week.
Characteristics of horizontal cupulolithiasis
Nine subjects were diagnosed with horizontal cupulolithi-
asis on the basis of persistent positional vertigo and
direction-changing apogeotropic horizontal nystagmus.
None had associated aural symptoms, focal neurological
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Fig. 2 The slow-phase velocity profiles of canalolithiasis, cupulo-
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shows a variable SPV profile with a slower decay of SPV than for
canalolithiasis. A majority of subjects diagnosed with VM, had
symmetrical, flat SPVs with either ear down
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symptoms or headaches that were temporally related to the
vertigo. Although three patients had a past history of
migraine headaches, they responded completely or partially
to barbecue manoeuvres and were, therefore, thought to
represent cupulolithiasis rather than VM. Seven (who did
not recover after a single manoeuvre) underwent magnetic
resonance imaging of the brain to exclude a central cause.
Typically in the roll position, persistent apogeotropic
nystagmus was observed almost immediately after onset
(0.7 ± 1.4 s, n = 9). Recordings lasted between 22.5 and
110 s. Testing the subjects with the unaffected ear down
showed nystagmus with an average peak SPV of
54.2 ± 31.8#/s. On rolling the subject onto the affected
side, a less intense paroxysm of apogeotropic nystagmus
(peak SPV 26.6 ± 12.2#/s) was observed (Fig. 3). Eight
subjects had supine nystagmus with average peak SPV of
18.1 ± 10.8#/s. Four of the nine subjects had nystagmus
in the prone position, with an average peak SPV of
31.3 ± 41.0#/s. The SPV profiles for cupulolithiasis were
diverse (Fig. 2b). Three subjects had clearly identifiable
peak SPV at 20, 30 and 35 s after onset. SPV plotted as
a function of time could be fitted into a sixth–eighth
order polynomial curve. At 40 s the SPV had decayed to
only 65.9 % of the peak SPV on the affected side and to
81 % of the peak SPV on the unaffected side. The
average asymmetry ratio for the peak SPV was
42.2 ± 24.7 %.
On paired Wilcoxon tests, the peak SPV with the
affected ear down was significantly lower than with the
unaffected ear down p = 0.008. All nine patients were
diagnosed on the basis of Ewald’s law using SPV mea-
sures; seven had clinically identifiable SPV asymmetry.
Seven also fulfilled the bow and lean criteria. In one
patient, the converse of the bow and lean test was
observed; in one patient the bow and lean test was not
performed.
All patients were treated with high velocity 360# bar-
becue manoeuvres (in 90# increments) towards the unaf-
fected ear with mastoid vibration applied to the affected
ear. Two patients had resolution of symptoms after a single
treatment. One patient was treated on two sessions, two on
three, one patient on four. Two patients underwent seven
treatments and one underwent a total of 15 sessions. Three
(of nine) patients experienced complete symptom resolu-
tion following treatment on the Epley Omniax" rotator.
One further patient was treated with repeated head shaking
in the yaw plane (for a period of 1–2 min at hourly inter-
vals) over an 8 h period, and experienced complete
symptom resolution within 1 week. Three patients had
partial symptom resolution with residual nystagmus on
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testing. However, two patients had no improvement after
15 and seven treatments, respectively; both were trialled on
empirical migraine preventative therapy without significant
changes in symptoms.
Positional vertigo with atypical direction changing
horizontal nystagmus
Twenty subjects with positional vertigo and horizontal
direction changing positional nystagmus were diagnosed
with disorders other than BPV. These diagnoses were
reached on the basis of (a) absence of typical paroxysmal
positional nystagmus indicative of canalolithiasis, presence
of persistent positional nystagmus and positional vertigo
during an examination performed on a symptomatic day;
(b) no history of previous recurrent BPV to imply cupu-
lolithiasis; (c) history, examination findings and vestibular
function tests indicative of an alternate cause for positional
vertigo such as vestibular migraine (VM), endolymphatic
hydrops, vestibular schwannoma, unilateral or bilateral
vestibulopathy.
According to the Neuhauser criteria [12, 13] 13 patients
were diagnosed with VM (three clinically definite and 10
clinically probable). The average SPV on either ear down
was symmetrical (peak SPV 12.7 ± 8.1#/s on left vs.
19.4 ± 13.5#/s on right, asymmetry ratios 30.9 ± 24.4
range 0.07–68.9 %). Unlike the crescendo-decrescendo
SPV profile observed in canalolithiasis, the SPV profile of
most migraineurs was flat (Figs. 2c, 4). At 40 s from onset,
the average SPV had declined to 63 and 61 % of its peak
value on the left and right side down, respectively. One
subject, whose nystagmus profile is illustrated in Fig. 3,
was tested ictally. Five of the VM patients had geotropic
horizontal nystagmus. Eight subjects had apogeotropic
nystagmus. All patients experienced symptom resolution
after initiation of migraine prophylaxis.
Two patients who first presented with positional vertigo
were found to have clinically definite Me´nie`re’s Disease
(MD). Both had apogeotropic horizontal nystagmus. In one
patient, the peak SPV was symmetrical (4.6#/s left vs. 5.3#/
s right), whereas for the second patient it was asymmetrical
on the roll test (19.6#/s right ear down vs. 7.6#/s left ear
down). Both had electrocochleography with elevated SP/
AP ratios consistent with endolymphatic hydrops, with
either negative summating potentials or an elevated SP/AP
ratio.
One subject, who had apogeotropic nystagmus (R ear
down: peak SPV 32#/s[L ear down: peak SPV 3#/s) was
found to have a right-sided vestibular schwannoma with
impaired audio-vestibular function on the right side. His
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vertigo was mild, unresponsive to barbecue manoeuvres,
lasted several months and abated spontaneously, leaving
residual asymptomatic positional nystagmus.
Two patients with unilateral vestibulopathy of uncertain
origin had low velocity apogeotropic horizontal nystagmus.
One patient with otosclerosis and a left vestibulopathy had
geotropic nystagmus with symmetrical SPV. One subject
with ANCA positive autoimmune inner ear disease with
bilateral vestibular hypofunction, as indicated with absent
caloric responses, positive video Head Impulse Test (vHIT)
and absent vestibulo-ocular responses to sinusoidal rota-
tion, had persistent geotropic horizontal nystagmus with
either ear down. The vestibular function test results of all
the above patients are summarized in an supplementary
table.
Discussion
We present the first detailed comparison of slow-phase
velocity profiles of canalolithiasis, cupulolithiasis and
atypical positional nystagmus. As described by previous
investigators, horizontal canalolithiasis produced a vigor-
ous paroxysm of geotropic nystagmus when tested with the
affected ear down. The onset latency was shorter than that
reported in posterior canal BPV and the duration of the
paroxysm was longer than described for the posterior canal
[1]. The short and relatively symmetrical onset latencies
we recorded with the affected and unaffected ears down in
canalolithiasis implies a rapid movement of the otoconia in
the horizontal canals in response to provocative testing.
Testing the unaffected side revealed a paroxysm of
nystagmus with similar SPV profiles but lower peak
amplitudes. The wide range of peak SPVs recorded in this
study probably represents many factors influencing nys-
tagmus velocity, including the volume of otoconia, the
endolymph viscosity and the order testing. In this study, we
demonstrated that nearly all subjects diagnosed with ca-
nalolithiasis obeyed Ewald’s law. Lower rates of accuracy
for the bow and lean test may be explained by the sequence
in which we conducted tests. Since subjects always
underwent roll tests before supine or prone testing, it is
possible that the starting position of the otoconia was not
the lowest part of the duct of the horizontal canal.
In cupulolithiasis, rolling the subject to the unaffected
side elicited nystagmus with a peak SPV double that
recorded rolling to the affected ear down. Average peak
SPV for the side with the more vigorous nystagmus was
smaller for cupulolithiasis than for canalolithiasis. Unlike
canalolithiasis, the SPV had not decayed to zero at 40 s
(Fig. 3). As observed in canalolithiasis, a wide range of
peak SPV were recorded; these may have reflected the
volume of otoconia attached to the cupula and endolymph
viscosity. Although we would have expected the latency to
nystagmus onset to be shortest for cupulolithiasis, onset
latencies for canalolithiasis were so short that it was not
possible to elicit a meaningful latency difference within the
resolution of our methods. Upon comparison of prone and
supine SPV, no specific trend for a greater nystagmus
intensity in either position was found. This might be
explained by variability in the position of the cupula of the
horizontal canal in humans, which lies very close to the
sagittal plane and is likely to deflect in the ampullopetal or
ampullofugal directions in the prone position. Thus, it
possible for either excitatory or inhibitory nystagmus to be
elicited in the prone position [14].
In the present study, geotropic horizontal nystagmus was
recorded from subjects with both horizontal canalolithiasis
and VM. Horizontal positional nystagmus accompanying
canalolithiasis had a distinctive velocity profile that
enabled its recognition: a crescendo-decrescendo SPV and
its rapid decline by 60 s separated canalolithiasis from
central positional nystagmus. Additionally, the peak SPV
was higher for canalolithiasis when compared with atypical
positional nystagmus.
Our group with atypical positional nystagmus was het-
erogeneous. Those with VM, overall, had symmetrical,
persistent, low velocity nystagmus that easily separated
them from canalolithiasis when they presented with geo-
tropic positional nystagmus. In contrast, as shown in
Figs. 2, 3 and 4, the SPV profiles of VM and horizontal
cupulolithiasis were strikingly similar. Although the aver-
age SPV were lower for VM there was too much overlap of
the peak SPV between cupulolithiasis and VM to enable
their effective separation. Several previous authors have
reported horizontal positional nystagmus as a physical
finding in subjects with VM. Polensk and Tusa [15] found
100 % of patients with acute VM had positional nystagmus
and that horizontal positional nystagmus had the highest
prevalence. Von Brevern et al. [16] reported both geotropic
and apogeotropic horizontal positional nystagmus and
vertigo presenting in association with acute VM. Roberts
et al. [17] reported a patient with positional vertigo and
apogeotropic horizontal nystagmus that was refractory to
repositioning manoeuvres who subsequently developed
migraine headaches and experienced symptom resolution
upon treatment with migraine preventative therapy.
Of the patients within the VM group, only three fulfilled
the criteria for clinically definite VM. Three subjects
within the cupulolithiasis group had a past history of
migraine. Seven of the 13 subjects diagnosed with VM had
profound motion sensitivity. One patient in the cupulo-
lithiasis group also had motion sensitivity but responded to
a single barbecue manoeuvre. While the classification of
these subjects was influenced by their response to migraine
preventative therapy vs. repositioning manoeuvres, this
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study highlights the uncertainties surrounding the classifi-
cation of the patient with persistent apogeotropic positional
nystagmus. Could cupulolithiasis have triggered secondary
migraines thus leading to a diagnosis of ‘‘clinically prob-
able VM’’? Conversely, could the presence of coincidental
migraines and motion sensitivity have interfered with
successful repositioning, resulting in ‘‘intractable cupulo-
lithiasis’’? Further ictal studies in clinically definite VM
and further trials of repositioning manoeuvres in subjects
with apogeotropic horizontal nystagmus are required to
definitively resolve these questions.
Thus far, apogeotropic horizontal positional nystagmus
has not been described in subjects with endolymphatic
hydrops. Early descriptions of ictal nystagmography in
Me´nie`re’s Disease report direction changing geotropic
positional nystagmus in 25 % of recordings [18]. Berge-
nius et al. [19] reported persistent geotropic positional
nystagmus in six patients with vertigo; they attributed the
nystagmus to a ‘‘light cupula’’ resulting from altered
homeostasis of proteoglycans synthesized by the cupulae.
Both geotropic and apogeotropic horizontal nystagmus are
also observed during the ‘‘resorption’’ and ‘‘reduction’’
phase of positional alcohol nystagmus (PAN I and II) when
alcohol first diffuses into the cupula making it lighter than
endolymph, then leaves the cupula in advance of the
endolymph resulting in a relatively heavy cupula [20, 21].
Whether some stages of Me´nie`re’s Disease are associated
with changes in endolymph specific gravity resulting in
derangement of the neutral buoyancy of the cupula remains
to be proven. One patient with Me´nie`re’s Disease and
apogeotropic nystagmus had more intense nystagmus with
the affected ear down. This finding, however, is contrary to
what is expected with a heavy cupula, where a more
intense nystagmus is observed with the unaffected ear
down.
Our observations and those of previous authors indicate
that apogeotropic horizontal positional nystagmus should
raise a wide range of differentials including central posi-
tional nystagmus from nodular lesions [22, 23] or VM,
endolymphatic hydrops and even vestibular schwannoma
[24, 25].
Conclusion
Direction changing horizontal positional nystagmus can be
of diverse aetiology. The nystagmus direction, SPV profile
and symmetry provide useful diagnostic information that
compliments the history and physical examination when
separating canalolithiasis, cupulolithiasis and atypical
nystagmus secondary to other vestibular disorders.
Although not commonly used in clinical practice, recording
the slow-phase velocity profile of nystagmus may be useful
in subjects with positional vertigo that is refractory to
conventional bedside treatments. While typical canalolith-
iasis is clearly distinguishable from the geotropic hori-
zontal nystagmus of VM, cupulolithiasis is difficult to
separate from positional nystagmus and vertigo observed in
various central and peripheral vestibular disorders; its
diagnosis should be made with these differentials in mind.
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worse clinical status than the patients previously reported. Also,
our patient was significantly younger than the other reported
patients.
In all patients, CNS vasculitis was diagnosed by cerebral angiog-
raphy. Brain biopsy was obtained in one patient, but the results did
not reveal vasculitic changes. The presence of CNS calcifications
was not mentioned in any of the three patients. All three previ-
ously reported patients showed significant clinical improvement
in response to immunosuppression. In contrast, our patient was
unresponsive to intravenous steroids and cyclophosphamide.
In conclusion, we present the fourth reported patient with CNS
vasculitis secondary to scleroderma. Our patient is unique in that
she was significantly younger than the other patients reported
and her course was considerably more devastating. Not only was
her clinical status more severe at the time of presentation, but
she also progressed rapidly without a significant response to
immunosuppression. Without histologic evidence of inflammation,
we cannot be certain of an inflammatory etiology. While vascular
beading is consistent with CNS vasculitis, our patient may repre-
sent a severe and rapidly progressive form of the CNS vasculopathy
and calcification described by Terrier et al.
References
1. Mohamed RH, Nassef AA. Brain magnetic resonance imaging findings in patients
with systemic sclerosis. Int J Rheum Dis 2010;13:61–7.
2. Heron E, Hernigou A, Chatellier G, et al. Intracerebral calcification in systemic
sclerosis. Stroke 1999;30:2183–5.
3. Terrier B, Charbonneau F, Touze E, et al. Cerebral vasculopathy is associated with
severe vascular manifestations in systemic sclerosis. J Rheumatol
2009;36:1486–94.
4. Estey E, Lieberman A, Pinto R, et al. Cerebral arteritis in scleroderma. Stroke
1979;10:595–7.
5. Pathak R, Gabor AJ. Scleroderma and central nervous system vasculitis. Stroke
1991;22:410–3.
6. Ishida K, Kamata T, Tsukagoshi H, et al. Progressive systemic sclerosis with CNS
vasculitis and cyclosporin A therapy. J Neurol Neurosurg Psychiatry 1993;56:720.
http://dx.doi.org/10.1016/j.jocn.2012.08.013
Vestibular schwannoma mimicking horizontal cupulolithiasis
Rachael L. Taylor, Luke Chen, Corinna Lechner, Swee T. Aw, Miriam S. Welgampola ⇑
Institute of Clinical Neurosciences, Royal Prince Alfred Hospital, Central Clinical School, University of Sydney, New South Wales 2050, Australia
a r t i c l e i n f o
Article history:
Received 20 July 2012
Accepted 1 August 2012
Keywords:
Cupulolithiasis
Horizontal apogeotropic nystagmus
Positional vertigo
Vestibular schwannoma
a b s t r a c t
Positional vertigo and nystagmus can be due to canalithiasis, cupulolithiasis and less commonly, an
underlying peripheral or central vestibular disorder. We present a patient with vestibular schwannoma
who initially sought treatment for positioning vertigo. Video-oculography on the roll-test revealed direc-
tion-changing horizontal apogeotropic nystagmus, consistent with horizontal cupulolithiasis. However,
further audio-vestibular investigations and imaging confirmed a right vestibulopathy attributable to a
schwannoma of the right vestibular nerve. This case report suggests that vestibular schwannoma should
be considered as another potential mimicker of horizontal cupulolithiasis.
! 2013 Elsevier Ltd. All rights reserved.
1. Introduction
Brief spells of vertigo provoked by a sudden change in head po-
sition are most commonly attributed to benign positioning vertigo
(BPV). Symptoms are caused by displaced otoconial debris, which
is either free-floating within one or more semicircular canals
(canalithiasis) or adherent to the cupula (cupulolithiasis). Horizon-
tal canalithiasis evokes ‘‘geotropic’’ horizontal nystagmus in the
side-lying position with either ear down, which is maximal when
the affected ear is dependent; horizontal cupulolithiasis is charac-
terized by ‘‘apogeotropic’’ horizontal nystagmus that is more pro-
nounced when the unaffected ear is lowermost.1 Positional
vertigo and nystagmus can also be a presenting symptom of other
⇑ Corresponding author. Tel.: +61 2 95158820; fax: +61 2 95158347.
E-mail address: miriam@icn.usyd.edu.au (M.S. Welgampola).
Table 1
Patients with central nervous system vasculitis secondary to systemic sclerosis reported in the literature
Yearref 19794 19915 19915 Our patient
Age, sex 43 years old, female 45 years old, female 67 years old, female 24 years old, female
SSc type PSS CREST PSS PSS
Presentation Unilateral headache, seizures Bilateral, throbbing headache Dysarthria, hemiparesis Stupor
CNS calcifications Not described Not described Not described Present (see Fig. 1A)
Method of diagnosis Cerebral angiography Cerebral angiography (negative
biopsy)
Cerebral angiography Cerebral angiography
Initial treatment 250 mg IV methylprednisolone 1000 mg IV methylprednisolone
(cyclophosphamide was added later)
Cyclosporin A (8 mg/kg/day) 1000 mg IV methylprednisolone and
cyclophosphamide (750 mg/m2)
Outcome Considerable improvement
(return to baseline by day 10)
Considerable improvement (return to
baseline within 20 hours)
Considerable improvement
(symptom-free after 1 year)
Death
CNS = central nervous system, CREST = calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclerodactyly, telangectasia, IV = intravenous, PSS = progressive systemic
sclerosis, SSc = systemic sclerosis.
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peripheral and central vestibular disorders.2 We describe a patient
presenting with positional vertigo and horizontal apogeotropic
nystagmus, suggestive of horizontal cupulolithiasis, who was sub-
sequently found to have a vestibular schwannoma.
2. Case report
A 56-year-oldmale described sudden onset spinning and nausea
upon turning his head left, following a yoga session. The symptoms
resolved within 1 minute. He had a history of mild bilateral hearing
loss and tinnitus, which was more pronounced in the right ear. An
MRI scan performed 5 years ago was reportedly normal.
The clinical examination revealed no spontaneous or gaze-
evoked nystagmus. Bedside Dix–Hallpike tests revealed apogeo-
tropic horizontal nystagmus with either ear down. The patient
was tested for horizontal BPV on the Epley Ominiax (Vesticon,
Portland, OR, USA), which is a mechanical 2-axis rotator with
real-time video-oculography. This revealed a prolonged (approxi-
mately120 s) flurry of horizontal apogeotropic nystagmus. As
shown in Fig. 1 and Supplementary video 1, video-oculography re-
vealed apogeotropic horizontal nystagmus with a peak slow phase
velocity of 2.7"/s with the left ear down and 27.1"/s with the right
ear down. When supine, the nystagmus was right-beating. When
prone, it was left beating. Since the apogeotropic nystagmus was
more pronounced with the right ear down, he was treated for left
horizontal cupulolithiasis on the Omniax, with rotations to the
right shoulder. Five 360" rotations were performed in steps of
90". Audio-vestibular testing was undertaken to explore the possi-
bility of an underlying peripheral vestibulopathy.
2.1. Audio-vestibular investigations
Bithermal caloric testing (video-nystagmography) revealed a
right canal paresis of 56%, implying reduced right horizontal canal
function at low frequencies of stimulation. However, individual
semicircular canal (SCC) function, measured using scleral search
coils during canal-plane head-impulse testing, showed a reduction
in vestibulo-ocular reflex (VOR) gain3 for the right posterior SCC
only (Fig. 2B). As shown in Fig. 2A, air-conducted cervical vestib-
ular evoked myogenic potentials (cVEMP) were normal, while
ocular vestibular evoked myogenic potentials (oVEMP) to vibra-
tion were absent from the right ear, which is consistent with re-
duced input from utricular afferents. Overall, vestibular function
tests implied abnormalities affecting both divisions of the right
vestibular nerve.
The audiogram in Fig. 2C indicates asymmetrical high-fre-
quency sensorineural hearing loss. Stapedius reflexes were absent
from the right ear and the inter-aural wave-V latency difference of
2.4 (normal 60.4 ms) on auditory brainstem response (ABR) test-
ing was suggestive of retro-cochlear pathology (Fig. 2D). MRI with
gadolinium contrast revealed an elongated 17 mm schwannoma
extending from the cerebellopontine angle (CPA) into the internal
auditory meatus (Fig. 3). A further scan performed 12 months later
showed no change in tumour dimensions. His positioning vertigo
abated over 3 months, but asymptomatic positioning nystagmus
remained.
3. Discussion
We report a patient presenting with positional vertigo and nys-
tagmus suggestive of left horizontal cupulolithiasis, who had a
right audio-vestibular deficit consequent to a schwannoma. For
this patient, the atypical pattern of positioning nystagmus was
the key to the possibility of an alternative diagnosis. Typically, hor-
izontal canal cupulolithiasis is characterized by direction-changing
apogeotropic nystagmus with a higher slow phase velocity with
the unaffected ear down. Using these criteria, we diagnosed left
horizontal cupulolithiasis. For horizontal cupulolithiasis, Choung
et al.4 also describe ipsiversive nystagmus in the supine position
and contraversive nystagmus when prone. In our patient, the con-
verse of this pattern was observed.
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Why would a vestibular schwannoma cause positional vertigo?
Dunniway and Welling,5 in a description of CPA tumours, suggest
that head movement could exert further compression or traction
of the vestibular nerve, resulting in vertigo and nystagmus. Vestib-
ular schwannoma that enlarge within the internal auditory meatus
are thought to be particularly susceptible to such pressure effects.6
Hong et al,7 who have results similar to us, reported horizontal
apogeotropic positional nystagmus in a patient with vestibular
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schwannoma. Positional vertigo and nystagmus has also been re-
ported in Meniere’s disease and vestibular migraine.1 Recently,
horizontal apogeotropic nystagmus was reported in a patient with
cerebellar nodulus infarction.8
Our patient’s vestibular tests showed dissociation between
horizontal head impulse and caloric testing, both of which assess
horizontal canal function. Caloric irrigation constitutes a low fre-
quency stimulus (<0.01 Hz), while the head impulse tests a higher
bandwidth close to 2–4 Hz. A similar dissociation in results was
observed by Machner et al.9 in a patient with intralabyrinthine
schwannoma. In our patient, the otolith function tests indicated
abnormalities referrable to the ‘‘superior division’’, while canal
plane head impulses showed a deficit referrable to the ‘‘inferior
division’’. These findings imply different degrees of compression
or atrophy for individual nerve fibres innervating different parts
of the labyrinth. Based on these results, it is not possible to pre-
dict the exact nerve from which this patient’s schwannoma
originates.
Could this patient have a dual pathology? First, our patient
had prolonged paroxysmal nystagmus (120 s) rather than persis-
tent positional nystagmus as described in cupulolithiasis.10 Sec-
ond, the direction of supine and prone nystagmus did not
follow the patterns described in cupulolithiasis.4 Given these
findings, it is likely that the audiovestibular loss, positioning nys-
tagmus and the positional vertigo were all attributable to the
schwannoma.
It is impractical to image and perform detailed audio-vestibu-
lar testing on all patients with positional vertigo. Dunniway and
Welling5 recommend the following indications for further investi-
gation of positional vertigo: co-existing unilateral audio-vestibu-
lar or neurological symptoms, failure to respond to treatment,
and atypical patterns of nystagmus. Our patient fulfilled all
criteria.
4. Conclusions
This patient draws attention to another cause of apogeotropic
direction-changing nystagmus and vertigo. We recommend careful
clinical assessment and audio-vestibular testing of patients pre-
senting with apogeotropic positional nystagmus before diagnosing
horizontal cupulolithiasis.
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Wedescribe a patientwith dysplastic cerebellar gangliocytoma (Lhermitte–Duclos disease)who presented
with an acute onset of positional disequilibrium. Video-oculography in the right Hallpike position revealed
rightward torsional down-beat nystagmus, initially thought to be right anterior canal benign positional
vertigo. However, the presence of spontaneous nystagmus, the persistent character of the positional
nystagmus and the absence of fatigability indicated central positional nystagmus, attributable to his
right-sided Lhermitte–Duclos disease. These findings emphasise the need for clinicians to reconsider a
central cause before diagnosing the rare anterior canal benign positioning vertigo variant.
! 2014 Elsevier Ltd. All rights reserved.
1. Case report
A 57-year-old man presented with a 7 week history of acute
onset positional disequilibrium. He denied any tinnitus, hearing
loss or fluctuation. He had a past history of possible migraine
equivalents consisting of right hemifield ‘‘ripples’’ without associ-
ated headaches. On examination, he veered to the right on the
Unterberger test. The matted Romberg test was negative. He could
tandem walk without difficulty. He had very low amplitude (1st
degree) spontaneous rightward horizontal-torsional nystagmus
(Supp. Video 1), with enhancement of the torsional component
on leftward gaze. His head impulse test was negative. Saccadic
and pursuit eye movements were normal. Normal vestibulo-ocular
reflex suppression was recorded. Both Hallpike tests were positive.
With the right ear down (Supp. Video 2), he had an immediate
onset of rightward torsional down-beat nystagmus. With the left
ear down, he had rightward horizontal torsional nystagmus (Supp.
Video 3). In the right Hallpike position, on bidirectional gaze
testing, the nystagmus was predominantly down-beating on
rightward gaze and predominantly torsional on leftward gaze [1]
(Supp. Video 2). These findings were thought to represent anterior
canal benign positioning vertigo (BPV).
Average slow-phase velocity (SPV) in the vertical plane was
11"/second and 10"/second for the right and left Hallpike positions,
respectively. The SPV profile of the nystagmus however, was
constant or ‘‘flat’’ as expected in cupulolithiasis or central posi-
tional nystagmus and distinctly different from the crescendo-
decrescendo profile of anterior canalithiasis (Fig. 1, Supp. Video
4). He underwent a trial of treatment with forward rotations in
the plane of the right anterior canal on the Epley Omniax rotator
(Vesticon, Portland, OR, USA). Seven forward rolls were performed
in right anterior canal plane; no nystagmus fatigability was
observed.
On follow-up 2 weeks later, he reported no significant
symptomatic improvement. Brain MRI showed an abnormal right
cerebellar hemisphere with a disordered arrangement of folia in
the anterior inferior cerebellar hemisphere without a discrete mass
or signal enhancement (Fig. 2A). There was mild mass effect with
displacement of the fourth ventricle to the left, rotation and
left-sided displacement of the brainstem. No herniation or
hydrocephalus was present. 18Fluorodeoxyglucose (FDG) positron
emission tomography of the brain revealed moderate heteroge-
neously increased glucose metabolism in the right cerebellar
hemisphere with a focus of markedly increased glucose metabo-
lism at the posterior margin (Fig. 2B). These findings were consis-
tent with dysplastic cerebellar gangliocytoma, also known as
Lhermitte–Duclos disease (LDD) [2].
The patient was monitored over the next 3 years with annual
MRI, which revealed no further progression of his right cerebellar
lesion. Follow-up examinations revealed left-beating spontaneous
nystagmus and bidirectional gaze-evoked nystagmus, more consis-
tent with cerebellar pathology. His disequilibrium persisted for
approximately 12 months and had plateaued at the time of
http://dx.doi.org/10.1016/j.jocn.2013.11.051
0967-5868/! 2014 Elsevier Ltd. All rights reserved.
⇑ Corresponding author. Tel.: +61 2 9515 8830; fax: +61 2 9515 8347.
E-mail address: miriam@icn.usyd.edu.au (M.S. Welgampola).
Journal of Clinical Neuroscience xxx (2014) xxx–xxx
Contents lists available at ScienceDirect
Journal of Clinical Neuroscience
journal homepage: www.elsevier .com/ locate/ jocn
Please cite this article in press as: Williams LG et al. Lhermitte–Duclos disease presenting with atypical positional nystagmus. J Clin Neurosci (2014),
http://dx.doi.org/10.1016/j.jocn.2013.11.051
writing. Vestibular function tests including caloric testing and sub-
jective visual horizontal revealed normal symmetrical responses.
Cervical and ocular-vestibular evoked myogenic potential (VEMP)
reflexes in response to bone-conducted stimuli were normal. In
response to air-conducted stimuli, ocular VEMP were absent and
cervical VEMP reduced, however the patient had significant tym-
panic sclerosis.
2. Discussion
LDD or dysplastic cerebellar gangliocytoma is a rare condition
characterised by progressive enlargement of the cerebellar cortex.
MRI has become the optimum imaging modality for diagnosing
LDD as it reveals characteristic unilateral cerebellar hemisphere
hypertrophy typified by a unique ‘‘tiger striped’’ appearance of
enlarged cerebellar folia [2]. LDD can present with symptoms of
cerebellar dysfunction, including ataxia, visual disturbances and
vertigo [3]. To our knowledge this is the first case report docu-
menting positional nystagmus in a patient with LDD.
Positional down-beat nystagmus can be observed in lesions
affecting the cerebellar flocculus, nodulus, and lesions of the dorso-
lateral medulla. Underlying pathologies include multiple system
atrophy, multiple sclerosis, cerebellar degeneration, and primary
and secondary tumours affecting the cerebellum and fourth ventri-
cle [4–6]. It has been hypothesised that disruption of the central
otolithic connections between deep cerebellar structures and the
vestibular nuclei results in difficulties with using otolithic input
to readjust the eye position when the head position departs from
vertical [7]. This in turn is thought to result in persistent nystagmus,
during which the eye oscillates between positions that are compat-
ible and incompatible with the requirements of Listing’s law [8].
Vestibular migraine recorded in the ictal state can have both
down-beat and torsional nystagmus in the Hallpike positon [9].
Anterior canal BPV is characterized by torsional down-beat
nystagmus which is elicited in either Hallpike position [10]. Our
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Fig. 1. Comparison between persistent positional nystagmus and paroxysmal nystagmus using video-oculography and slow phase velocity (SPV) during the right Hallpike
test. Video-nystagmography traces (left panel) show the vertical eye position as a function of time during the Hallpike tests. (A) In our patient, persistent down-beat
nystagmus was observed with the SPV remaining steady over time. (B) Crescendo-decrescendo SPV profile of anterior canal benign positioning vertigo (BPV). In the Hallpike
position following a short latency onset, a paroxysmal burst of vigorous down-beat nystagmus is observed that fatigues within 30 seconds of onset.
BA
Fig. 2. (A) Axial T1-weighted MRI of the brain reveals enlarged right cerebellar hemisphere with disordered asymmetric arrangement of cerebellar folia. (B) Axial fusion
18fluorodeoxyglucose (FDG) positron emission tomography and CT scan shows increased FDG uptake in the right cerebellar hemisphere lesion.
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patient illustrated a nystagmus axis compatible with anterior canal
BPV in the right Hallpike position. The presence of spontaneous
right-beating nystagmus, the minimal onset latency on positional
testing, absence of fatigability and the persistent nature of the
nystagmus were atypical for anterior canalithiasis. The persistence
and non-fatigability implied a central aetiology. This report rein-
forces the necessity to investigate persistent positional nystagmus
for central pathologies.
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Imaging Case of the Month
Not So Benign Positional Vertigo: Paroxysmal
Downbeat Nystagmus From a Superior Cerebellar
Peduncle Neoplasm
*†Jane Lea, *Corinna Lechner, *G. Michael Halmagyi,
and *Miriam S. Welgampola
*Institute of Clinical Neurosciences, Royal Prince Alfred Hospital, Central Clinical School, University of
Sydney, New South Wales, Australia; and ÞSt. Paul’s Rotary Hearing Clinic, Division of OtolaryngologyYHead
and Neck Surgery, St. Paul’s Hospital, University of British Columbia, Vancouver, Canada
A 65-year-old man gave a 3-year history of brief spells of
spinning vertigo brought on by rolling over in bed or bending
down. Dix-Hallpike testing with either ear down provoked
almost immediate paroxysms of downbeat-nystagmus and ver-
tigo lasting between 5 and 10 seconds (See Supplemental Dig-
italContentVideosAandB,http://links.lww.com/MAO/A190,
http://links.lww.com/MAO/A191, which demonstrate down-
beat nystamgus with no latency in the right and left Dix-
Hallpike positions, respectively; Fig. 1C). His examination
was otherwise normal, with no spontaneous or gaze-evoked
nystagmus, normal saccadic and pursuit eye movements,
FIG. 1. Brain MRI with contrast (A and B) and video nystagmography. A, Coronal T1-weighted imaging illustrating the left cerebellar-
hemangioblastoma (arrow). B, Edema within the cerebellum and brainstem on axial T2-image (arrow).C, Videonystagmography, illustrating
paroxysmal downbeat nystagmus lasting 5 to 10 seconds on Dix-Hallpike testing.
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and no focal cerebellar or long tract signs.Thenystagmuswas
nonfatiguable and did not respond to multiple repositioning
manoeuvres for presumedanterior canal benignpositional ver-
tigowithforwardrotations in theplaneofeachanteriorcanalon
a motorized chair. An MRI scan of the brain with contrast re-
vealedaheterogeneouscysticenhancingmass on the superior
margin of the left cerebellar peduncle, extending into and
deforming the posterior mid brain and pons, with edema
and mass effect on the brainstem, cerebellum, and fourth
ventricle (Fig. 1, A and B). A differential diagnosis of he-
mangioblastoma, pilocytic astrocytoma, and a necrotic me-
tastasis were considered. He underwent a left suboccipital
posterior-fossa craniotomy and resection of the lesion,
which was histologically proven to be a hemangioblas-
toma. Upon follow-up, 6 months after surgery, he still
had paroxysmal positional downbeat nystagmus.
Brief spells of positional vertigo are most commonly due
to posterior semicircular canalithiasis, which is character-
ized by upbeating torsional nystagmus on Dix Hallpike
testing (1). Typically, the paroxysms begin after a latency
of a few seconds and last less than 1 minute and demon-
strate fatiguability (1,2). Anterior canalithiasis presents with
downbeating torsional nystagmus and is rare, accounting
for approximately 2% of subjects with benign positional
vertigo (3). Paroxysmal positional downbeat nystagmus has
been reported in posterior fossa lesions in the region of
the vermis and dorsolateral to the fourth ventricle (4) but
not in the context of a superior cerebellar peduncle lesion.
Persistant positional downbeating nystagmus was reported
in subjects with demyelinating plaques in the superior cer-
ebellar peduncle and attributed to the disruption of otolithic
signals carried in brachium conjunctivum fibres connecting
the fastigial nucleuswith the vestibular nuclei (5). This is the
first report of paroxysmal positional downbeating nystag-
mus from a tumor involving the superior cerebellar pe-
duncle and probably reflects similar interruption of otolith
signal processing. Central and peripheral positional nys-
tagmus can be difficult to separate. In this patient, the im-
mediate onset and nonfatiguability implied a central origin.
This report draws attention to the necessity to carefully
investigate positional downbeat nystagmus even in the
absence of central signs.
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